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PREFACE. 


The nmi Paitemkfiogy was originally en- 

trusted to JufuLS I^waH.of Derlin. Tiie Historical Coinmission 
of the bavarian Royal Ac'adeiny of SdA'nces could not liave 
liuidc a happier choice. Ewakl was one of therfew geologists 
who had been actively engaged in geological re.search during 
the'^first half of the nineleeiiih century ; he had witnessed the 
tiiDsf brilliant period of the n.se of geology in Cermany, and 
haclbeeir for a long t??ue personally acquainted wHi most of 
ihcj^Teat exponents of the science on the Continent Unfor- 
tunately it was not granted to hhvald to bring his task to 
completion. A few years before his death his feeble health 
compelled him to give up the work he had undertaken, and 
the results of many years’ labour which he had expended upon 
it were entirely lost, ?is his will directed that all his unfinislied^ 
manuscripts should be destroyed. 

Although the present author of the Ilisiary of Gmiogy was 
^asketl to de|)ict chiefly the history of the growth of tlie science 
ill Germany, the nature of the subject Is such lliat it could not 
1)0 successfully treated along national lines. ^ All dvilisad 
nations IftvC shared iinihc development of the naiiiraf sciences, 
the history of any one of which must he to a*i!erlain extent 
the history of a scientific freemasoi'tiy. I'he questions d* the 
highest import in Geology and Falreontology are in no way * 
affected by political frontiers, and the contributions to the 


progress of these studies made by members of any iKilir*iia!ity 
can only be appreciated in their true t\*ahics* when held in llu; 
dpalance with the general position of rescarr^at the tiraf, ami 
with the discoveries and advances made by other 
irrespective of nationality. 

In spite of some doubt and consideraticiif on my part, it 
seemed sibsolutely necessary to continue tlii 
and Falmntohgy to the present, day. K historical! txposition 
of these sciences which should close with the sixth or even 
the eiglith decade of the nineteenth ccJfiuryj woftld be c?ui of 
date in many respects and out of touch with the nuKlern 
standpoint My task was made more difficult by sucli an 
extension of the subject-matter, as there has been no previous 
historical work dealing with the newer researches. h'urlSer, 
the mode of treatment which appeared most suitable fof the 
older perhds could not be retained 'vvith advantage for^tlie 
treatment of the modern development. The greater and 
greater specialisation and branching of the science which took 
place during the latter half of the nineteenth century, seemed 
to demand individual descriptions of the different areas of 
research in preference to a general comprehensive survey of 
^the leading features in all. t % 

The geological writings of antiquity have little scientific 
value, and they are therefore only briefly indicated. Again, tfie 
period subsequent to the downfall of the Roman Empire and^ 
extending into the second half of the eighteenth century, 
though it has contributed a number of noteworthy tjbserva- 
tions, is mainly conspicuous for its l^qpotheseK.* 

Brocchi, Lyeh; and others have de|>ictecl this older tlevelop 
ment'^of geology. Keferstein’s Gcsdikhic nnd JJkmiHr dir 
Geognoste is continued to the year 1840, but for the fk^r’uHl 
from 1820 to 1840 it supplies only an enumeration of books 


anti iiicinoirs. Friedrich FIolFmatin gave a niiicli more attrac- 
tive arcoun I of the of ^geolog)v■a^Ki carried it as far as 

the )var 1855. ^The history of geology by Saintc-Cdaire 
^)evilly ruvers practically the :same' -groiiiKh but devotes more 
than a third of the whole work' to. the .writings of Elie de 
Beaumont llie«<aght volumes of D'Archiac’s I^^s^i?Ir€ des 
iie /a GM^k provide for the period 1S34 Jo’iS5o, 
afterwards# r#ntiniied^li> 1839, an exhaustive discussion of ail 
lire geological pulihcations that appeared during this timCj 
but is a work inten^rid primarily -for the specialist The 
chief work and the later historical writings of this eminent 
Frtmchman gave the predominant place' to F»?nch authors, 
and owing to his defective knowledge, of .German, the con- 
tril)^lions in that language- met with scant attention. 
H, \^gelsaiig’s der contains rni interesting, 

I'lut yery subjective, liistwic-al introduction,. wherein pj;ogress 
of petrographical knowledge is more especially considered. 
ValiKibk; contributions to the history of geology have been 
made by the fluent pen of Sir Archibald Geikie. Flis ad- 
mirable biographies of Sir Roderick Murchison and Sir Andrew 
Ramsay offer far more*than the title indicates. With unsur- 
passed literary skill and scientific mastery of the subject, they 
describe ffie development of geology in Great Britain during "" 
the lives of these illustrious geologists. In a course 'of lectures 
^on the IhiMifen Sir Archibald Geikie has given a 

scries of admirable biograpffies frcyii* which may be culled 
a connected account of the early advances in the science of 
geology. ^ IP 

I have derived information from all tiie «ab^c-mentic}iicd 
works; but it has usually been my endeavour to consiill: the 
origituil sources, and to form my own' judgment independently 
of all books of reference* Where critical treaftaeot was called ; 
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for, I have tried to preserve the Btrn1esi niifunialsly : in the 
case of controversial matters which l^ave alviauly anivi il at a 
solution, I have limited myself to the the 

liistorian. « 

The original works of reference arc ciletl at the rxmrliisifm 
of each chapter, and will prove useful lo*lhe more special 
student of the subject. * « ^ 

Whether I have succeeded in the dffiicult writing 

a History of Geology and Paheonlology that will sali% life 
speciit^ist and also commend itself to ^'very man of culiiirr, 

must be left for my readers to decidi^ ^ 

I 

• KARL A. VCIX ZITTEL. 

• ; 


Munich, / w/t? 1899. 
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TRANSL^TOirS NOTIi, 


Tiik text of ibc aiiginal has been somewhat rurtaile^ in the 
translations Iniih in order to meet the w'ish of the author, and 
to sec‘*iir<j uniformity witln ilie othcrtvolumes of the Con- 
temporary Hcienee Series, I have omitted entirely a chapter 
0^ seventy- Severn pages on Topographical Geology, which was ,, 
more special in character .than any of the other chapters. I 
have also omitted the lists of books of reference, taking care 
li»*emhody in the text all the more important piibl nations ; 
an*! have rundensed the subject matter wherever it seemed 
potKible to do so without detracting from the - scientific 
value of die ///i/r^ry. lliese changes have been made 
with the authors a|;i|>roval It only remains to add that, 
as a former pupil of Geheimrath Professor von ZilteFs, and 
one wlp hears very grateful feelings towards him, it ha# 
afforded me great fileasore to translate tliis woi\ 

MARIA M. OGILVIETIORDON- 


AlSiRPEEN, Oa&kr 1901. 
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BISTORV, of -geology and 
. • • PAL‘/EONTOLOGY. 


INTRODUCTION. 

' . .. . ■ ■ ■ . # ■ , , , 

First Period— Geological Knowixdge in^the Aces 
OF Antiquitv. 

In all ages there have been men who have given serious 
thougnt to the historical aspect of^our terrestrial 'home, to its 
origin and its devclopninent; but any clear conceptign the 
beginning of the Earth — based, that is, upon scientific facts — 
was gs remote from the most cultured nations of antiquity as 
it is §t the present day from the barbarous races of mankind* 

The polymorphous myths of the Creation represent the varying 
ideas which were formed regarding natural phenomena; the 
limit of the spiritual field^of vision determined the wider or more 
circumscribed flights of imagination. The wide chasm between 
the childish Saga of Creation handed down by the Bushmen, 
AustraliarlS, Eskimos and Negroes, and the grand poetic ^ 
conceptions of the Aryan-Germanic races of Europ|;, conveys 
to us the immense difference at that time in the condition of 
culture and intellectual capacity of these peoples. 

Tradition has preserved t# us the fosmogenetic and geo- 
genetic views of the civilised race! of the Mediterranean 
countries and of Asia, and these arouse our admiration 
their poe% and philo^phic depth. But there was trace 
either of exact observation of natural phenomena, or of logical 
deduction from such observations. ‘ 

.. Amongst the ancient stories of the Creation the Babylonian . 
and Jewish accounts are pre-eminent for their intuitive skill 

for the dxcelience and conciseness of their^Ianguage. ^ The ' 
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traditions of the Babylonians are recorded in the cuneiform 
inscriptions found in the ruins of Nnieveh*; Creation begins 
with Chaos. ^The gods arose before heaven and earth had 
“taken shape, while the tumultuous floods of oceans were still 
intermingled in the universal chaos. The gods chose Marduk 
to be their champion against Tiamat, the disturbing, chaotic' 
ocean-flood. Marduk armed himself with lightning flash and 
thunderbolt, and called the winds to his assistance. Ivlarduk 
vanquished Tiamat, and divided his cofpse into two ; 
from the one part he created the heaveifs, and the other 
the earth and the sea. Marduk peopled the heavens witl^starr, 
the dwellings of the great gods. Then followed the creation 
of plants and animals, and finally the creation of the two first 
human beings out of clay. The evident agreement of the 
Babylonian and Jew^h conceptions becomes even more ap- 
parent in the^'account of the Deluge, which was at first only 
known to us from the epic of Berosus, but has now also been 
discovered in cuneiform inscriptions. 

The Mosaic account of the Creation far excels the Baby- 
lonian in its noble simplicity and in the strength and beauty of 
the lai^gifage. In it the origin of thef world, of the earth^and 
its inhabitants, is represented as the work of a personal 
Almighty God. The Jews were alone among the great nations 
of antiquity in realising the godhead as a unity — all-powerful, 
all-embracing. The Mosaic account was incorporated in the 
Bible of the Christian Church, and, unfortunately, became 
invested with a scientific value by the -Church. This retarded 
the development of geology for many centuries, inasmuch as 
^ theologians regarded the Mosaic account asa divine |;evelati on, 
an essential dogma of the Christian Church, and sought to sup- 
press any investigations and writings of scientific interest which 
did not harmonise with it. 

While certain natural events, such as earthquakes, floods,, 
and sometimes volcanic oruptions, recur in the primitive tradi- 
tions of the different nations, these cannot be regarded as 
affording^ a basis of geological facts; their interest Js rather 
mythological and religious than scientife, ^ 

The Greeks were less inclined than the Oriental nations to 
^ interweave the ideas of mythology, religion, and science; they 
viewed natural events from a more critical standpoint, and 
treated them as^subjects of philosophical speculation. Various 
hypotheses were formed to explain the beginning of the earth. 
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Hesiod’s “Theogony” is the oldest of the Greek cosmogonies, 
but from what ;ve knc|^v of it, the speculations of this early 
Greek philosopl^r w^ere rather brilliant flights of fancy than 
efforts to nssiniilate observations of natural phenomena^ 

^ Thiis^ the world Is said to have taken origin from a primeval 
chaos, and to have given birth to the heavens, the mountains, 
and the oceans; then the races of gods sprang from the earth 
and the heavens.’”* 

'iiliaies of Miletm, the contemporary of Croesus at^d Cyrus, 
considered 4hat everything, animate and inanimate, was derived 
ffrom<nwater. His gifted scholar, Anaximander (born arm 6i i 
B.C.), arrived at a higher conception of Nature. He depicted 
an infinite, all-pervading primeval substance, possessRig an 
inherent ^fower of movement from the first. The energy of 
this primeval matter determined heat and cold, and the mix- 
ture of these conditions gave origin to the flevelopment of 
fluid; the earth, the air, and a surrounding circle of fire 
differentiated from the fluid state. “The stars sprang from fire 
and ^ir; the earth rested in the centre of the whole universe, 
and under the influence of the sun brought forth the animals 
which inhabit it Th^se, including human beings, were at 
first fish-like in form, consistent with the semi-fluid state of 
thefe environment Thus Anaximander had the merit of 
appreciating certain physical states as attributes of universal 
matter; his work, irepl is unfortunately lost. 

Xenophanes of Colophon (born 614 b.c.) is reported by 
later writers to have 4)bserved the shell remains of pelagic 
raoliusca on mountains in the middle of the land, impressions of 
laurel loaves in the iticks of Paros, as well as various evidences^ 
of the former presence of the sea on the ground of Malta, and 
to have attributed those appearances to periodic mvasions of 
the sea during which men and their dwellings must have been 
^submerged. The historian Xanthus of Sardis {arm 500 B.a) 
also drew attention to th§ occurjefice of fossil shells in 
Armenia, Phrygia, and Lydia, far from the sea, and concluded 
that the. localities where such remains occur had ^been (Sr- 
merly bed of th^ ocean, and that the limits of the dry 
land and the ocean were constantly undergoing change. 

Herodotus (born 484 B.a) mentioned the presence of fossil^ 
shells of marine bivalves in the mo^in tains of Egypt and near 
the oasis of Ammon. From this fact, as well as from the salt 
constitution of the rocks, Herodotus formed the opinion that 
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Lower Egypt had been at one time covered by the sca^ and 
that the material carried down by the had;:been discharged 
into the sea-bSsin between Thebes and iNkanpjiis and the 
present delta, and gradually filled it up. Herodotus could not 
form any definite opinion as to the cause of the Nile inunda- ^ 
tions, although he gave a careful report of the hypotheses then 
in favour. 

Heraclitus (born 535 B.c) thought there wfis in the universe 
nothing stable, nothing lasting. Everythii^l;; was in a state of 
constant change, like a stream in which fiew wavi^ g^ndlessly 
supplant the old. For him fire was the primeval force, 
iinceasjngly transformed itself, pervaded every portion of the 
universe, produced individuals, and agflin destrojed them. 
Fire became the ocean, and that again eartli, and the breath 
of life. The rising v^ours burned in the air and formed the 
sun, which wa^ renewed from day to day. Thus Heraclitus 
taught that although the universe always had been and always 
would be, no portion of it had ever been quiescent, and tfiat 
from time to time a new world was constructed out oi the 
old. 

Pythc^gd^as, who was born at Samos flboiit the year 5S2 rs*c., 
and afterwards went to Crotona in Italy, is one of those 
eminent leaders of thought around whose name and teadf^ng 
much that is mythical has gathered. The exponents of* his 
teaching in subsequent ages too often attributed to the early 
Pythagoreans conceptions which were in reality foreign to the 
doctrines of the great master himseM, and it is extremely 
difficult to disentangle the threads of original thought from the 
K:onfused web of tradition. It is clear thUt the Pytlmgoreans 
indulged more in abstract speculation than their predecessors, 
and gave leSs attention to observation of nature. They sought 
to explain natural phenomena chiefly by analogy with definite 
numerical relationships. An ordered universe depended, ^ 
according to the Pythag< 5 raans, upon the principle of numbers. 
Consequently the properties of numbers, individually con- 
siSered, in sequence, and in combination, were investigated 
with a zeal which enabled the school to^ay the fomiuation of 
important mathematical advances. In applying the principle 
.^f nn.mbers to musical sound, Pythagoras is reputed to have 
arrived at a true conception of musical intervals and to have 
established the t]ieory of the octave. On the other hand, the 
Pythagoreans were less happy in their application of the limita- 
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lion of ni,iml)ers to the physical problems of the universe, and 
lost themselves in forced analogies and conjecture regarding 
the ‘Miarmonyjof the spheres.” Accordiiig to Diogenes 
Lacrtjiis, Pythagoras imagined the universe in the form of a 
♦ sphei'c. lire eai1;h was in the centre, and bore the axis arounu 
which the firmament revolved. The moon, the sun, Mercury, 
Venus, Mars, Jupiter, and Saturn described circular patlis 
round the earth, and the harmonic motion of these bodies 
ca%icl forth the music of the spheres. The Pythagorean 
Fhilolaus ynproveoton this conception. He described the 
.-,iunivgrse*as a system comprising ten heavenly bodies — the five 
planets, the sun, the moon, the earth, and a counter-earth 
which moved from ^est to east round a “ central-firei^ The 
earth turned one half towards the centrai-fire, whilst the other, 
or inhabited half, received light an^ heat from the sun. 
Entirely beyond the circles of this system la^ithe fixed stars 
and the illimitable ether from which the universe drew its 
br#ath. 

The principle of constant change taught by Pythagoras and 
Heraclitus is also a leading feature in the doctrines of 
Empedocles of Agrigeiitum (492-432 b.c.), Entpe^ogles sup- 
po*sed that everything had its origin in, and 4 ook its components 
fre^n, four elements (earth, water, air, and fire); that these 
eiepients were without beginning and imperishable, but subject 
to never-ending change. From these elements the world at 
one time took shape, and it must at some future time be again 
dispersed. The coiir^ of the world's existence resolved itself 
into a history of recurring periods and phases. As Empedocles 
did not concern himself about an empirical basis for most of 
his theofies, it is of little avail to enter into his physical an^ 
biological speculations. Geology, however, owes ^one distinct 
step in advance to this philosopher. Whereas the Pythagoreans 
had conjectured the presence of a central fire in the universe, 
^ Empedocles taught that tke earth's ^centre was composed of 
molten material Empedocles forn!ed this opinion on the basis 
of his actual observation of the volcanic activities of Moj^nt 
Etna. ’Sg^adition say^ that he met his death by fallhig into the 
crater of that volcano. 

Leucippus and Democritus of Abdera {eina 490 BX.) were 
the founders of the school of atomic philosophy, whicl>of 
the Greek systems approaches most nearly to the opinions of 
the present day. According to Democritusf the 
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are atoms ; nothing that exists can be destroyed ; change 
takes place in virtue of the combinp.tion or separation pi 
atoms. Atomr are always in motion andi^^ are endless in 
jgumber and variety ; they move about pn space ; , they 
press upon one another in every direction ; they assume ^ 
eddying movements which give origin to new worlds: but 
everything happens according to a definite sequence of law^ and 
nothing by chance. Even the j^oul consists of very finely 
divided atoms which permeate the body ^nd call forth dhe 
phenomena of life. ^ ^ ^ 

In opposition to the materialistic view of the atomic philo-^ 
Sophy, Anaxagoras of Clazomenie (born 501 b.c.) regarded the 
soul (v€^?s) as in itself a conscious, moving ♦force. In his cosmic 
philosophy he supposes an original chaos in whiclf a circular 
movement gives placeeto a universe, and at the same time 
effects a differClitiation of ether, air, and water. The earth 
rises from the w’ater, and receives seeds from the air which 
develop into living' plants and animals. The earth is poi^Rsd 
as a cylinder in the centre of the whole universe, and the |tars 
move round it 

As the influence of the Sophists tiifd Platonic phiIoso|Jiy 
came more into ascendency, it tended to elevate dialectic and 
speculative methods and to depreciate the investigation^of 
natural phenomena. Cultivated and gifted as the Athenians 
of this epoch were, natural science owes but a small debt to 
them. 

Plato (427 B.C.), in his Cosmology, is a follower parity of 
Heraclitus and partly of Anaxagoras. According to Plato, the 
^niverse is the production of divine intelligence anj| of the 
necessary development of nature. The form of the whole 
universe is cpherical ; in the centre lies the earth as a motion« 
less sphere ; around it are the sun and the planets, and the 
fixed stars occupy the outermost circle. AH the heavenly ^ 
bodies are inhabited; the*Btpms coiftposing them are indivisible, 
and unite along definite limiting surfaces ; the universe itself is 
unthangeable and indestructible. 

An interesting account is given in the ^nimseSs” of a 
submerged Atlantic continent (Atlantis) on the other side of 
Jhe Pfllars of Hercules (Gibraltar). The idea of such a sub- 
merge's continent has agair> received credence in recent geo- 
logical researches.^ In Plato’s account Atlantis was larger than 
Asia and Libya together, it had been inhabited 9000 years 
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!}cfore his lime, and since its destruction by earthquakes and 
inundatirms navi^aiion jn the Atlantic had been impossible 
awing to tlie fine Jniid and detritus left by the v^dshed land. 
The. work df Aristotle {384-322 n c.) marks the culminating 
♦point jearliml by dm (*reekSj both in the domain of speculalive'^ 
l'j|‘iilt)sophy ainl in that of empirical observation. Although 
the pliysiea! aral geological researches of the great Stagirite 
embrace less of ^original djscovery than his researches in 
/ookgy and pliysiol^y, they group and define more nrecisely 
the best ^rc^iills of *ihe Eleatic, Pythagorean^ antr Atomic 
fhilo.%)phcrs, rc^aniniate them with new thoughts, and fre- 
c|mmtly platie them on a true scientific basis. Aristotle departs 
from the atomic philowophcrs in assuming that matter is diverse 
in c|yalily, i^ikI that llie universe Is divided into an earthly and 
a heavenly half ; Ihe impcrishalilc ether li^dongs to the heavenly 
half, while the four elements, earth, water, air,iand fire, com- 
pose llu! cartli and the planets. The earth forms, in Aristotle^s 
coinreplioii, the stationary centre of the universe round which 
the leaflets move 10 the left ; beyond their orbits is the great 
ethereal circle of the heavens in which the stars move towards 
the/ight. The ikve!o|lment of the earth is compaial:iIe with 
that of an organism ; it has periods of growth, maturity, and 
dec»y. During recurring periods of rejuvenescence the lower 
animals take origin in the mud of the earth, and from them 
develop, by sexual generation, ■ the higher groups of animals. 
The plants are related to animals, and the different kinds of 
animals to one another numerous transitional forms. Aris- 
toilers w^orks seldom treat special geological questions, and his 
nieteorol^y, allhougli it discusses earthquakes, the alternation 
of continent and ocean, the Deucalion flood and inundations* 
of the Nile, does not contribute much that is new. * 
Theophrastus of I.esbos (368-2S4 b.c), the most famous 
^pupii of Aristotle, devoted himself chiefly to scientific studies. 
In addition to his valuable fjotanical ^realises, he gave much 
information about minerals and fossils in a fragmentary treatise 
“On Stpncs.” A special work on fossils, with which Piiiiy 
was appdfSntly acc|iiaiiitecl, has since been lost * 

The Encyciopmdists of the Alexandrine school occupied 
themselves chiefly with astronomy, mathematics, and geo* 
graphy. Eratosthenes (276-196' B.<i) by his measurement 
the degree in Egypt for the first time laid the foundation 
of a more exact estimate, of the ske of c^r planet., j.; He 
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also gave expression to various hypotheses regarding the 
relationship of mountain-chainS; the action xjf water, and trie 
presence of the ocean abo^^e the contin^ait, as indicaieil 
^by the occurrence of oysters and other marine organisms 
in the Libyan deserts on the way to the oasis of Aipmon. 
Eratosthenes taught that the changes of form accompHslual 
by means of water, by volcanoes and eartlK|uakes, and by 
fluctuations. of the sea, are insigpificant in ^>roportion to the 
size of the whole earth. f: 

Thus^'it will be seen that the majority €i the older Hellenic 
philosophers gave their attention to speculative considoFtliorn 
on the origin of the universe and the earth ; but under 
the iffiianifold activities of the RoniaF. ensure, a new ami 
more realistic spirit became infused into the iifvesligations 
of the great thinkeri^ Amongst these the first place must 
be given to Che historian and traveller Strabo (l)orn r/mi 
63 B.a), whose geography, comprising seventeen volumes, 
was written about the beginning of the reign of dlberius, 
Strabo had a thorough mastery of the Greek literature, apd in 
reference to the occurrence of the above-mentioned fossils in 
the Lifeyaci desert, he agreed with the tlreek philosophers |hot 
the sea had once covered certain portions of the land, but he 
also pointed out that the same district may sometimes rise, smne- 
. times sink, and fluctuations of the seadevel are associated 
such movements of land-surfaces. He further taught that eleva- 
tions and subsidences of the land are not confined to indi* 
vidual rocks or islands, but may affect #dioIe continents ; that 
Sicily, Procida, Capri, Leucosia, the Sirenian and CEnotrian 
^islands had been separated from Italy hy earth<|uakes, and 
that probably all islands off the shores of continents Imd origin- 
ally formed part of the mainland. The oceanic islands far from 
any mainland have, according to Strabo, been thrown up by 
subterranean fires. In support of this view Strabo cited the^ 
case of a volcanic eruptjon in the year 196 bx\ between 
Thera and Therasia. For four days flames rose from the ocean, 
and as these died down it was observed that a ne>v island 
had been formed, measuring twelve st«?dia in circteiferencc. 
Again, near Methone in the Hermionian Sea, a mountain, 
^seven stadia high, had been thrown up during outbursts of 
""sulpniirous vapours and and the town of Spina, near 

Ravenna, formerly a seaport, was now ninety stadia inland. 
Strabo is therefore rightly regarded as the father of modern 
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ihcoricH of mouinain-makiiig, and we owe to him, moreover, 
the hypothesis tlira vo!c:||iic outbursts act as safety-valves for 
ilie pt!iit"Up activi|es of suhierranean vapours. Hte pointed out, 
lluit Sirily in tiis inue was less frequently disturbed by earth- 
%|iiake| than it had been in previous ages Ijcforc volcanic 
diM'harges were kiunvn in the district and he correlated the 
ccini|)aralive traiK|iiiliiiy of the, ground with the means of 
escape afforded f#r explosit^e ■underground vapours by the 
yolc^iic vents that hi||I opened at Etna, in the Lipari Isjes,and 
in Ischia. ^ U speaks highly for Straho*s pwers of observation 
t 4 at h# should have recognised in Vesuvius a volcanic moun- 
tain although it was then c|uics€cnt. 

I-hobably the most »:ute scientific observer of Roman times 
was Senecai^the physirinn of the Emperor Nero (born 2 or 4 
liC, died ^5 Quite recently, # 4 ehnng has placed 

the iinportaiK:e of the work of Seneca an its trtR; light The 
.^Vafurnks contain detailed communications about 
carA(|uakes, volcanoes, and the constructive and destructive 
agencies of water. Seneca explains earthquakes partly as a 
result of the expansion of gases accumulated in the earth, 
partly by tlic collapse'* clf subterranean cavities. H% i«egardS' 
volcanic eruptions simply as an intensified form of the same 
serie* of phenomena, and volcanoes themselves as canals or 
vents between local sub-terrestrial reservoirs of molten material 
and the earth^s surface. He names the chief volcanoes, 
placing I 2 lna in tlic first rank;. then Stromboli, Therasia, and 
Thera (the present “ Simtoriii ”), but there is no mention of 
Vesuvius. He regards the. earth as priniilively a w'atery chaos, 
and it is more espccifily in his treatment of the action of water 
in dissolving and carrying .a.w^ay .rock-material, together with 
his explanation of the origin ' of sediments and deltas, that 
Seneca has shown his remarkable ' insight ■ and sound judg- 

The learned historian, Pifliy the .Elder (23-79 a.b.), has 
handed down to us a compendium that embraces the whole 
scientific ,^knowledge of antiquity. His Maiumiis^ ia 

thirty-sevl!^ books, enibraces the natural history of animals, 
plants, and stones, the history of the heavens and the earth, 
of medicine, of commerce, of navigation, etc.; in Lib. IL, 
c* 88 and 89, all the islands that have been thrown up inl:he 
ocean -are enumerated — ^ Delos, Rhodes, Anaphe, Nea, Aione^ 
Thera, Therasia, Hiera, Automate, and Thia..; The. reports 
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about volcanoes, earthquakes, and fossils, occurrin-^ here an^l 
there in this, work, .are not always t|iistwo|hy.^ llicy seem, 
in. most casis,. to have been based on |indirect informa- 
tion, By a tragic decree of fate, tiic untjrinif stiult-nt ami 
naturalist met his death while engaged '^n f)l>serv’!^g ihn^ 
grandest geological event of antiquity, the first oul!>reak t>f 
Vesuvius in the year 79 a.d. Pliny the Younger describes the 
death of his uncle in two letter^ to Tacitifs, recounting how 
at the l^eginning of the eruption the eldep Pliny was stalMmcd. 
at Misenum as Commander of the Fiectf but weiM gt once to 
Stabia to bring help to the sufferers and to witness ths greirl 
drama of nature. He died in the open field, probably suffo* 
catedP by the volcanic vapour and ash. «iiis corpse was found 
unharmed three days later, when the darkened sly gradually 
became clear. Thetyounger Fliny^s vivid desttriplion ()f tins 
eruption of Mount Vesuvius, and the accompanying earths 
quake, is one of the most remarkable literary productions in 
the domain of geology. It is certainly curious that he 
have omitted to mention the earth-tremors at Hercula^ieum, 
Pompeii, and Stabia, confirmation of which has however been 
given by^Dio Cassius. ** ^ 

A poetic account of an eruption of ISIount Etna is happily 
amongst the fragments that have been preserved fronl^ the 
w^orks of Lucilius, the poet in the second century a.d. Wllto- 
gather this volcano played a very important rSk in the litera- 
ture of the ancient writers. Nor were the Romans devoid 
of interest in fossils: Suetonius rcVites that the Emperor 
Augustus decorated his villa in Capri with huge fossil bones, 
which at that time were held to be thfe remains of a giant 
race. ^ 

If we pass in review what antiquity has bequeathed to us of 
actual geological knowledge, we find our heritage surprisingly 
meagre. The tendency of eastern races towards the fanciful 
and of the Greeks to philosophical speculations, brought fortii 
an abundance of hypotheses about the origin of the universe 
Snd the development of the earth; and even although some of 
these may in part coincide with accept^ti scientific ^‘neepiions 
of the present day, it has to be remembered that in these 
casjs the early hypotheses vrere rather happy guesses at 
truth,’' than general theowes founded inductively upon a series 
of accurately observed data. 

Far more valuable than the most ingenious speculations are 
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the orosian*il remarks ami oi^scrvations about volcanoes* 
earthi|nakes, t1 iic.1 u:ii ion St of level -in the land-surhices, the 
adion of m-atcf; aifl other phenomena of dynanift geology* as 
well ns Itie sffillerecl notes about tfie occurrence of fossils, 
f hi tlie^otlier hamj, not a single writer of the ancient work! 
showtal any interesi in the firm eartinenist, not one observer 
gave a tboiight to the composition of tlie rocks. Not the 
most acute thinker of lhoso% cultured peoples had even a 
shasl»y prcmoiiiiioim of the value that might appertain to 
fossils as wlJiwssc'S of l sequence of events in the history of 
oifr i\ir4lu None suggested that our planet might have passed 
through a succession of changes before attaining to its present 
physirai condilitm and tonfiguration ; still less* that partiffular 
phases in tlu? history of change might be deciphered from the 
character and superposition of the rocks# The evolution of 
the earth and its deiii/ons, which is at the present day the 
great problem of geological and biological research* played no 
part fn the literature of antiquity; htnciful hypotheses and dis* 
connected observations cannot le acknowledged as scientific 
l>egirinings of researcic 

• • 

Se€ONB Perioo— The BtanKNiKos of Fal/s:on.tology 
AND Geology, 

The dotvnfall of the Roman Empire dealt a severe blow to 
literary progress and hejilthfui interest in natural phenomena. 
The collapse of imperial power, the revolutionary instincts and 
unrest, the variable iiigration of the races, the protracted 
struggle between decaying heathendom and rising Christianity, 
the persona! wars of Jealousy and greed in wdiich Europe was 
plunged during the greater part of the Middle Ages, all 
combined to check any spontaneous desire towards scientific 
investigation. * ^ 

A barren schoksticism took refuge in the monasteries and 
cloister sc^tools. The altitude of the Schoolmen, while it* 
made muCT of logical distinctions and the critical interpreta- 
tion of old doctrines, was unfavourable to the direct observation 
of nature. For many centuries {800-1300 a,d.) the Arabs wge 
the only nation in which the true spirk of ancient culture and 
Inquiry was kept alive. At great sacrifice they obtained ^ 
possession of the classical works of antiquity, translated theip^ ; 
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into Arabic; and the Caliphs, A1 ISIansur, Harun-al-R ascii id, 
and Al Mamun, endeavoured to attr^-Ct to their courts llic Ihl-i 
scholars of aibl countries. Thus they ha!ul4j down to ptLslcrity 
many of the most valued treasures of ancienf learning, and 
they appreciably contributed to the knowledge of mathcmalu*:^ 
astronomy, alchemy, medicine, and zoology. Ceology am! 
palaeontology, however, the kindred studies of the rocks and 
their fossil contents, were almos| neglected#* by them. 

It was not until the close of the Middl|^ Ages, in the fifteentfi 
century, that a revival of learning spreacHthrouglr^urope. The 
discovery of the art of printing brought books witlnn t|je iwh 
of many. The keen interest in classical authors displayed 
by fhe leaders of the Humanist mowiment infused new life 
and activity into mental effort in every branch 6i' knowledge. 
Universities, learned societies, and academies were fountlcdd 
The methoefc of dogmatism were cast aside with the decay of 
scholasticism. Copernicus the Prussian (i473"J543} absorbed 
the best learning that Italy could give him, and reward<id the 
care of his foster-country by unfolding to futurity the ^system 
of the universe that bears his name. The Reformation gave 
an impulse to all men to think for t^iiemselves, and no Ipnger 
to accept blindly the traditions of past ages. Columbus, 
Vasco da Gama, and other bold navigators added the Western 
Hemisphere to the former domain of geographical knowledge. 
And if less imposing, still no less certain, was the steady 
advance made in natural science under the influence of the 
healthier tone that prevailed. Meg turned in earnest from 

^ Italy led the way in founding academies dtring the era of the Renais- 
sance of literature and research. The ** Platonic Academy ’^was the name 
given to a^roup of learned men who w^ere under the patronage of Cosmo 
di Medici, in Florence; but this society bad no definite organisation. The 
-Academy in Padua, ^ founded in 1520, must therefore he regarded as the 
oldest scientific society, although it was not long in existence. In 1560 
an Academy of Natuml Science was •founded at Naples, and in 1590 ihe 
Academy dei Lincei in Rome was founded by the Marcese de MonbcellS. 

was not until the middle of the seventeenth century that the scienhfic 
academies of France, England, and Germarw came into ^klence; ihm 
were established the Academic Fran^aise irfi 633, the llof.xl Society of 
London in 1645 (established in 1662 with incorporated rights), 
Academic des Sciences in Paris in i 656 , and the Akademie der 
sokxften in Berlin in 1700. In 1725, Empress Catherine founded the 
Academy in St. Petersburg, •and in the same year the Royal Society uf 
Sciences was formed in Upsala. Since that time scientific societies have 
been founded in most of the large university towns. 
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the desultory literary method of treating nature, to the more 



dire«,!l, more exaclmg sys|em of observation and description. • 
Plants, animals, ao| rocks were studied with enilmsiasin, were 
examined, descl-ibed, figtired, and classified, so that in a reia-‘ ^ 
Uvely K!|ort space oflinie a fairly extensive bolanicali zoological, 
and mincralogical literature sprang into existence. 

I'aNms 0 /mmm akmi M>s^i 7 s.— The Ckeek and Roman 
writers had correctly^ realised that fossils represented the 
remains of |n%nals and^planls, and most of the ancient writers 
Iml explained their preservation in the rocks as the residt of 
great natural catastrophes which liad changed the localities of 
land and water, and brought the swarming deiii/,ens of tli#sea 
into the midrfle of continents, burying them there* During the 
medieval Scholasticism no progress was i*ade in the study of 
fossils. Avicenna (980-1037), the Arabian translator and com- 
mentator of Aristotle, became imbued with Ari.stotie*s theory of 
the sdf-generation of living organisms, and tried to extend it to 
the ca^ of fossils. Avicenna suggested that fossils had been 
brought forth in the bowels of the earth by virtue of that 
creative force (vh //nj-Z/rt) of nature which had coi^iiMially 
striven to produce the organic out of the inorganic, and that 
fossiliP were unsuccessful attempts of nature, the form having 
been produced but no animal life bestowed. 

The famous Aibertiis ^lagnus^ takes the same standpoint 
more than two hundred years later. He assumes a witim 
frrmativa in the earth gs the origin of fossils, although. ;,he ' ' 
allows that the remains of plants and animals may be turned to 
stone in places where tgencies of petrefaction are at work* . : , 

With the^dawn of the fifteenth century began that long series ■ ' * 
of disputes about fossils w^hich lasted more than three <5enturie$. 

The questions under discussion were, whether fossil organisms, .. 
h|id taken origin from ,a ms piastim^ or from living seeds carried'^ 
in,,, vapours, from the sea, or ffbm any living force in the earth * 
itself; whether they might be regarded merely as illusory sports * 

* Albert called Albertus Magnus, was !>orn at T^aningen* 

i« Swabia in a 193; studied It l'*aduaand Bolc^na, tc»k Duminican orders 

I 2 a 3 | Jeciitred several years in the cloister schools of Cologne, 
Hiklesheim, Freiberg, and Regensburg, and taught in Puris between the 
years 1245-48. He returned hben to preside over the High School«aiU-«-i^ 
Odogne, and was made Bishop of RegensBnrg in 1260. ‘This post he 
resigned after two years, and deyoted himself, at Cologne, to his works on 
philmophical and theological themes mail his death in 12S0. 
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of nature, or as mineral forms, or if they really were the 
remains of animals and plants thal^had <^^ce lived, and had 
been brought by the Flood or some other ci^tstrophc into their 
present position. * 

The world-famed artist and architect, Leonardo dg. Vind 
(1452-1519), took part in the discussion. He had in his youtli 
been engaged as an engineer in the construction of canals in 
North Italy, and had then seep numerous fossils in position 
in the rocks. The opinions he form^ regarding thwn are 
remarlcable for their clearness and correftness. rf.e^nardo said 
that the marine organisms scattered in the earth in the/orm^of 
fossils had actually lived where we now find them. The sea at 
that^time covered the mountains of Ncwrth Italy: the river-mud 
brought to the sea from Alpine lands filled the Jlielis of dead 
mussels or snails, and accumulated on the sea-floor; afterwards 
the mud deposits became dry land, and the fossils found in 
them were the casts of the ancient cells. He ridiculed, as 
absurd and unscientific, the idea that such perfect models of 
living organisms could have taken origin in the rock% under 
hypothetical creative influences of the stars. 

The N eapolitan, Alessandro deglF Alessandri ( 1 46 1 - 1|5 2 3 ), 
mentions petrified conchylia in the Calabrian mountains, and 
ascribes their presence to an inundation of the contindtit by 
the ocean, caused by some exceptional catastrophe, or* by a 
change in the axis of rotation of the earth. 

Fracastoro,^ in the year 1517, gave clear expression to his 
convictions about fossils, which were^.n accordance with those 
of Leonardo da Vinci. During the building of the citadel of 
San Felice in Verona, the workers found fossil mujscls in the 
rocks and laid them before Fracastoro, begging him to explain 
the marvel. Fracastoro repudiated the doctrine of a visplastka 
in the earth as impossible; and just as little did he give 
credence to the view that explained fossils as creatures left 
^ the great Flood. The Flood, said, was of short duration, 

‘ and in the nature of things it would have left not marine but 
'fresh-water mussels behind; further, on the assunf^^tion tiiat 
the mussels had been carried from the^cean to the land by the 
Flood, their remains would have been scattered over the 

Hieronymus Fracastoro, Jiorn at Verona in 1483, studied at Padua, 
and became Professor of Philosophy there in 1502; afterwards practises! 
medicine as a physician in Verona, and in his capacity of physician to Poiw 
Paul III. was a member of the Council of Trent. He died in 1553. 
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surface of the landj and would not have been buried deep in 
the earth wliere tiie quar^-ymen had found them. There was 
he continue J, only one possible explanatwn— that the 
fossils were thS: reinains of animals which had once lived in the 
where their remains are now- imbedded. 

Ihir more illustrious than the majority of his contemporaries 
in m:kmcc was (leorge Bauer, ^ better known by his mm-dc- 
piiime of Agricola. • Werner c^lls him the father of metallurgy, 
andliieonginatoroft^ecriticaistudy of minerals. . Bauarlsstay 
in Joachln^stkal enablld hini to become familiar with the mines 
tltere, i»nd to make a collection of local minerals. The clever 
physician soon received general recognition as the best 
authority on mining, <ind the publication of his pamphlet 
** Berinanrm^** in 1528 further confirmed the prominent 
position he held among mineralogists. , Mis great wwk, De re 
fmhtiika HM dmdmm^ contains , a -complete iescription of 
mining and metallurgy as tiien practised, as well as valuable 
communications about the mode of occurrence of useful 
miner^s, and about veins and deposits of ore. Two later 
works, IJe ?tafum fossilium^ Lib. x., and De veferidus et mvis 
Lib. ii., describe til the minerals known to the^intients, 
and all those whicii had since been discovered. Agricoia's 
obsemtions on crystalline form, cleavage, hardness, weight, 
colour, lustre, etc., have served as a model for all subsequent 
descriptions of minerals. On the other hand, Agricola's 
remarks about fossils are of much less value. He had devoted 
little attention to the fossil remains of animals and plants, and 
he unfortunately united under the name *‘Fossilia^^ both 
minerals and petrifi^ organisms. This use of the term ^ 
Fossils’^ was perpetuated for two centuries in the literature, 
having been more especially adopted by the famous Wernerian 
School. Agricola referred by far the greater part of the organic 
^mains found in the solid rock to a wholly inorganic origin; 
he regarded fossil mussels, Belemnitesj ‘*Ammon^s Horns, 
Glossopetra (fish teeth), and other problematical remains as 

^ Georg miier {Agricola)\as bora at Glauchau In Saxony in 1494. He 
went to Paly, where he graduated as doctor, and then settled in Joachims- 
thal as a physician; afterwards he was a|>]:x»inted profesisor of chemistry at 
Chemailz, ^nd died there 1555. A compkte edition of his works 'rnrr~ 
published in the l-.aiin tongue in Bale. A German translation of the, 
mineralogica! writings was published at Freiburg in 1816 by Ernst 
Lehmann. -A, v'. ''' 
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“ solidified accumulations from water/’ analogous with marble 
and limestone. Yet in the case of ^ssil lepes, wood, bones, 
and fish, Agrkola allowed an organic origifi, and thought the 
various objects had become petrified by the acti^in of a certain 
Siccms lapidescens tvQTy\NheTt in wafer. ^ * 

Conrad Gesner, the famous Ziirich scholar, also formed no 
very definite opinion about fossils. To him we owe the first 
illustrated work on fossils, De^rerum lapidum ii 

gemmarmn fgunX which appeared at ^Airich in 1 56^% tl),e 
year of Gesner’s death. • He discusses 4 'he fosses along witli 
other products of the soil (minerals, ores, prehisforic; stOM} 
implements, stalactites, etc.), and compares some with the sun, 
mooft, and stars, others with plants^and animals, without 
entering further into their origin. * 

The zealous collei^tor, Johann Kentmann, in Torgau, and 
the Wiirtembcrg physician, Johannes Bauhin, made no further 
inquiry into the nature of fossils, but Bauhin described, and 
gave figures of a large number of ammonites, belemiwtes, 
mussels and brachiopods from the Posidonomya shales and 
Middle Lias strata in the neighbourhood of Boll. 

In citftly, Andrea Mattioli, the •botanist, described^ the 
fossil fishes of Monte Boica for the first time in 1548, and 
followed Agricola in supposing that porous shells, booesfand 
other remains had been converted into stone by a Succus. iapi- 
deus. Nearly ten years later, the anatomist Fallopio, in Padua, 
even went so far as to call the fossil teeth of elephants from 
Puglia earthy concretions, and fossil,, shells from Volterrano 
the results of fermentation and exhalations from the earth, 
while he explained the pots of Monte Testaccio in Rome as 
natural impressions in the earth I Olivi of Cremona, in 1 584, 
writes of the fossil coiichyiia of the famous Calceoiarian col* 
lection in Verona as mere sports of nature. Michele Mercali 
prepared good illustrations of fossil bivalves, ammonites^ 
and nummulites in the museum ^f Pope Sixtus Y., and these 
were published between 1717 and 1719 in the Meiaiioiketa 
¥aticana, by Lancisi, the physician of Pope Clement XL 
Mercati names the fossils according t# Pliny, ancT^liftcr long 
discussion comes to the conclusion that they took origiii under 
the influence of the stars. 

Tt is astonishing to find, how tenaciously, until the middle of 
the eighteenth century, so many authors clung to such absurd 
ideas, even although the fossils were being made known by 
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means of good illustrations to an ever-inGreasing numl^u* of 
observers. The b^rks- of« Aldrovandi, Athanasius Kircher the 
Jesuit, Sebastian iirchmaier, Alberti, Balbini, G8yer, Hartley, 
and many others in the seventeenth century contain some very 
"good iigures, and extended the knowledge of the fossils 
iound in various European localities. I'he fossils were, 
however, treated usually as mineral curiosities, or as illusions 
of nature, sometimes as Torres called forth in the earth by 
tf/s pkistica or some^ther force, sometimes compare|J with 
living miL'^cte, snail^ sea-urchins, plants, etc., and named 
ac?t:ordi.ng]y. 

Probably’ the greatest representatives of this literature are 
the I’lnglishmen I^istei* and Lhuyd (Luidius) and the ifwiss 
Nikolaus I-atig. IMartin Lister^ had an excellent ktiowledge 
of living conchylia. He had also observ<ill that certain rocks 
arc present over a definite extent of surface, so that: maps might 
be constructed with respect to the distribution of different 
kindf of rock, and further, that the fossil bivalves and snails 
differetj in the different kinds of rock. He tiierefore laid 
down the important principle that the different rocks might 
be distinguished accordii% to their particular fossil (foments, 
although, strange to say, he thought the rocks ibemselves had 
the |fower to produce the different forms of fossils. , ^Lister 
warmly coml.-iated the idea that the fossils could have proceeded 
from animals {Philos, lyans. Pay. Soc. London^ xGyi). Never- 
theless, he illustrated living and fossil conchylia side by side 
with’ one another, in ord«r to demonstrate their resemblance, 
at the same time writing in the text, that the fossil conchylia 
were mere^ rough imftations of the real forms — imitations ^ 
produced in the rocks by some unknown causes. 

The English antiquary, Edward Lhuyd (Luidius), described 
a thousand species of British fossils in a long and beautifully 
iyustrated work. Lhuyd^s theory of “Aura seminalis'^ strongly 
recalls the fanciful doctrines ofAnaximander and 'Pheophrastus. 

In a letter, “De fossilium et foliorum mineralium origine,*' to the 
famous zc^Iogist John Ray, Lhuyd sets forth how the fossils* 
have devefcped from rfoist seed-bearing vapours which have 
risen from the seas and entered into the strata of the earth. 

Lister was born at Raclcliff in 163S, studied in Cambridge, and 
highly respected in York and London as sT medical man. In 1698 he 
accompanied the English ambassador, Lord Portland, to Paris, in 1709 
became house physician to Queen Anne, and died 1711. , ' ^ . 
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Lhuyd found an enthusiastic supporter in the Lucerne 
physician and councillor, Karl Nikolaus Lang, whose Ilistona 
lapichtm figm^aiorum IIclveilcB (Venice, i^oS) contains 163 
plates, with a number of good figures of fossils- Lang is one 
'■ of the last authors who believed in the direct origin of the- 
fossils in the rocks. 

A semi-tragic, semi-comic event brought this literature to a 
close. Johannes Bartholomew Bcringer, professor in the 
University of Wurzburg, published in 1726 a palmontobgiral 
work Entitled Lithographia WurcehurgeAis, In it a ninnl)c‘r 
of true fossils were illustrated, belonging to the MiL^dielkalk^cn- 
Middle Trias of North Bavaria, and beside these were rnore or 
lessoremarkable forms, even sun, mogn^ stars, and Hehrair 
letters, said to be fossils, and described and illusU'ated as such 
by the professor. As a matter of hret, his stiKlents, who no 
longer beliew^d in the Greek myth of self-gcnieration in the 
rocks, had placed artificially-concocted forms in t!ie earth, and 
during excursions had inveigled the credulous proft'ss^ir to 
those particular spots and discovered them ! But when at 
last Beringer’s own name was found apjiarently in fisfil form 
in the ^*ocks, the mystery was revi^aled to llie unfortunate.* 
professor. He tried to buy up and destroy his published 
work; but in 1767 anew edition of the work was pub^shed, 
and the book is preserved as a scientific curiosity. !Many 
of the false fossils (Liigensteine) may be seen in the 
mineral collections at Bamberg, and there are also speci- 
mens in the university collections of ^Viirzburg, Nfunich, 
and other places. 

Contenaporaneously with these mistaken efforts in the 
^ sixteenth, seventeenth, and early part of the* eighteenth 
century, ^ truer appreciation of fossils was gaining ground. 

In the year 15S0, the famous French worker in enamel, 
Bernard Palissy, published a book in which he discussed the 
origin of petrified wood, the occurrence of fossil fishes fn 
Mansfield slate, and fossil molluscs in various rocks. 
i^Palissy rightly pointed out that many of the fossil conchylia 
were identical with living species, aijd said thef #nist have 
developed in localities which had previously been under fresh 
or sea-water. Palissy’s ideas were violently attacked by Ids 
'^’^compatriots, and he \^as denounced as a heretic in his 
philosophical and scientific writings, just as he was a 
Huguenot and a heretic in his religion. 


i ■ 

INTRODUCTION. 

Fabio Colonna ^ upheld similar views in Italy. He tried to 
show that the “ Glossopetren ” were not tongues of serpents but 
the , teeth of ^ do|^sh, which occurred along irith remains 
of marine bi\iilves and snails in certain strata; while in 
,4)thers he recognised the remains of, terrestrial animals and 
plants/ , , 

During the seventeenth century Nikolaus Steno and other 
Continental geologists contested the erroneous and ludicrous 
ideas ^of their contemporaries; while in England, Robert 
Hooke, John Ray, %id John Woodward guided scH-mtihc 
thought to^the true explanation of fossil remains. Leibnitz, 
the founder of the Academy of Science in Berlin, and 
Scheiichzer, the Swiss g|;?ologist, further advanced the sciei^ific 
research of f^^ssils, so that, by the middle of the eighteentli 
century, no man of science and letters ||elieved that fossils 
might be products of the earth itself. ' 

The English physicist and mathematician, Robert Hooke 
(163^-1703), was one of the most brilliant original thinkers 
of his own or any age. It was he who for the first time 
suggested the use that might be made of fossils, in 
revealing the historical past of the earth. In an inipQrtant 
work\ipon earthquakes written in i6S85‘‘^ he stated that fossil 
molluscs deserved to be regarded as historical, since they 
represented monuments no less valuable than coins and 
manuscripts, but he added that it certainly would be ex- 
tremely difficult to construct a chronology of the earth upon 
the evidence of fossils. ^Many fossil Ammonites, Nautiiids, 
and other ebnehylia undoubtedly differed from known living 
forms, but he said it bad to be remembered how scanty was 
the existing knowledge of marine animals, especially of those * 
which inhabited the greater ocean depths. Hooke, Jiowever, 
inclined to the opinion that the fossils of unknown forms 
miglit really be extinct species, annihilated by earthquakes. 

He regarded it as certain that^a number of fossil species had 
been confined to definite localities. And from the occurrence 
of fossil Chelonias and large Ammonites in the strata oU 
Portland me, Hooke ctncluded that the climate of England 
had once been much warmer. This was explicable, in 
Hooke^s opinion, upon the assumption either that the earth’s 

^ Ossimmimu animaH {tqtmifct e iermslri^ 1616. 

® Tills treatise is published in the Opera posihutna Robert Haokc^ cd. 
Rich. Waller, London, 1705. 
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axis of rotation or the earth’s centre of gravity had undergone 
changes of position. « / 

Hooke further gave some valuable hints ‘al)out the alteration 
^ of organic remains by the process of pctrefactidn, and cited rrs 
examples the petrified stems of trees iif Africa and, in the 
kingdom of Ava. His explanation of the elevated poHitif>n in 
which fossil marine organisms are now found was based u[)on 
his theory of earthquakes. E^rthquakesf he though^ trans- 
formed plains into mountains, and jontinents into# ocean 
basins. He attributed earthquakes auvl volcank eriqitions to 
the agency of subterranean fire. . * 

Scarcely had the organic origin and historical significance of 
fossils been successfully vindicated, •than the doctrinal in- 
fiuences of the day stepped in and claimed all fossil forms as 
vestiges from the (iirlier creation interred in the earth during 
the great Dd'uge. The Diluvialists” formed a powerful party 
amongst tlie geologists of the seventeenth and tdglucenth 
centuries, and were warmly supported hy the (dluirclt. In 
England, Woodward, Burnet, and Whiston lind^ strong 
convictions in this direction ; while in Germany, Wedel 
and *Bfier, and in Switzerland Johann Scheiichzef, ^aught 
that all fossils had been spread through Europe during l!;e 
Flood. • 

Scheuchzer had in his first work (S/trlme/i 
Helvetica Cunosfe, 1702) regarded fossils as sports of nature, 
but under the influence of Woodward’s work, which he 
translated into Latin, he became aa enthusiastic believer in 
the theory of a diluvial distribution of fossils. His natural 
^ history of Switzerland contains a sf^ecial chapter, which 
professes to deal with the fossil remains left by toe Flood in 
Switzerland. Towards the close of his life, Scheuchzer 
thought he had discovered in the beds of Oeningen ‘Hhe bony 
skeleton of one of these infamous men wliose sins broug|it 
upon the world the dire misfoifune of the deluge.” But Ihe 
supposed dilmii from Oeningen was afterwards determined 
♦by Cuvier to have been a gigantic Salamander, ancUvas called 
Andrias Schenchzeri in honour of it#Swiss disco-C^ren The 
original specimen of Scheuchzer’s Andrias is now in the 
Tevler Museum at Haarlem. 

The strong personalia of Scheuchzer and his success as a 
teacher won for him during his life-time a large circle of 
scientific supporters, and contributed not a little to a more 
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general interest in fossils. Numerous books and treatises 

began to appear, sometimes describing the fossils in particular 
localities, sometim|S of a more dilettante charact^. 

In Swit7>erla#id, johann Gesner’s work continued the lines of 
Tesearch initiated hf Scheuchzen Bourguet in Neucliatel, and ^ 
afterwards Burtin in Belgium, published handsome plates of 
fossil illustrations, but tlie descriptions in the text are not of 
much value. Johann Baier, the Altdorf Professor, published 
in 1 7 :y2 his Ifortca^ one of the best works of 

the time, and^in 175;^! supplement of fifteen folio plate was 
added undt^ the direction of his son Ferdinand. 

France, until the middle of the eighteenth century, had 
a remarkably poor pj^keontological literature. Antoine de 
Jussieu in >718 described the Carboniferous plants of St 
C'haniont, near St. Etienne, and said they J|ad been brought by 
the flood from India and the New AVorld to Egirope. In a 
second treatise, Jussieu described fossil Ammonites ; he 
certainly compared these with NauiUius Ponipiiius of the 
Indian Seas, but he explained them as having been brought 
from tfie Oasis of Ammon to France by inundations of the 
sea. Bertrand's of Fossils and othej; ininor 

works testify that France was not devoid of interest in fossils, 
althoigh activity in this field of research was much more 
prolific in the neighbouring countries. 

In France, during the eighteenth century, only the writings 
of Guettard can be placed in the same rank with the 
monographs of particular fossil groups prepared by Rosinus, 
Wagner, Erhart, Breyn, and Klein. 

The outstanding wogt'k of this period is undoubtedly that of 
Knorr andf Walch in four volumes, Die Sammiung von ♦ 
Merkwurdigkeikfi der Naiur und Alterihumcr des Frdbodens. 
The first volume was written by the Niirnberg collector and 
artist, George Wolfgang Knorr (born 1705, died 1761), and 
the other three volumes wwe prepared after the death of 
Knorr !)y Professor Walch^ of Jena. 

The first volume bears on its title-page an illustration of th<^ 
famous SolefShofen quawes, and contains figures of fossil crabs, 
fishes, crinoids, together with dendrites, and '‘ruin marble” 

^ Joliann Krnst Immanuel Watch (1725-7S) was a son of J. JjL^ 
Watch, Professor of t^hilosophy and Poelfy in Ji^na.. In 1759 Walch 
succeeded his father as Professor, but his chief delight was in Mineralogy 
and PaUeoiitoIogy, and he made a famous collection, . , 
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found in the calcareous slates and flagstones of Soicnhofen. 
The first half of the second volume contiyns illustrations of 
molluscs, brachiopods, and echinids, and fao descriptive text 
by Walch embraces practically all that was known in tlaj 
^ previous literature about these fossils ; in fhc second half tisvf 
same treatment is given to so-called ‘^coralliolillis (sponges 
and corals), to encrinites (crinoids), to osteoliths (fossil 
bones), to belemnites, dentalites^ vermiculiVes, and balanoids. 

The third volume begins with a dipertation abouti fossil 
wood, ^followed by the description of 4 number Car!}on- 
iferous plants. The chapter on the fossil Crustaceans which 
received the name of Trilobitcs from Walch, ranks far 
abore all previous descriptions of tkese interesting fossils. 
The remainder of this volume is devoted to description 
of supplementary fdates. The fourtli volume cxaitains a 
systematic s^immary of all fossil forms treated in tiu-* 
foregoing volumes. Tiie masterly text of Walch sets forth 
his own original observations, and displays a knowledge 
of the older literature unsurpassed for its completeness and 
accuracy. 

WilhC'he exception of Knorr andAValch's important >vork, 
pal^ontographical literature up to the middle of the eighteenth 
century stands on a low scientific level This seems the^niorc 
remarkable when one compares the formal descriptions of 
fossils, and speculations about their origin and their scrip- 
tural significance, with the \vell-directed efforts of botanists 
during the same period Botanists iiad already brought the 
systematic arrangement of plants to such a point that only 
^ the nomenclature of Linnjeus was reqifired to make it serve 
as a secure basis for the further progress of research. But so 
far, in the kindred study of the history and classification of 
pimals, no fundamental principles had been attained. It 
is true some of the more advanced writers, such as Hooky, 
had said that certain fossil speSes might possibly be extinct 
forms. Yet, when from^ time to time ammonites, trilobites, 
Crinoids, and other fossils were found which had no known 
existing counterparts, the authorised tftatment \va*$€o take for 
granted there might be living representatives existing at deptlis 
or in regions of the ocean hitherto unexplored. 

"™*'™TLnterest centred in tfee chimeric hope of finding living 
specimens of these mysterious fossils, and no observer had yet 
conceived the far bolder, grander dream of defining successive 
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J/r/>tf//iest's •ilf ike luitik's Orionf *ti- j 

’Jkpniitii^s oj 'a,'o?,>;rLal Olls^rvn^ion.~JY\^^^ ‘ keoi/hueresrif 
niincrals and fossils and the nourishing conditio f if 

nnmng nulusfry gradually attracted the aUenUo.t of sc£,t fic 

men to tlic inwsttiialion of the eirih I'tc ir 'v 

rf ,l,„ r s;»i,iva' d “b,S 

alongside ung, anothe^ 'I'he one had For its immeditfte aim 
he detemnnation <11 facts, and in its further SS the 
possible construction of some suitable theory the other 
con en led Usedf with a^nininnun of observation, a<-cepteci hi 
nsks ol _crr«r, and set about explainine the inst i it nii 
present from the subjective standpoint. ‘.This laVter'method 
naturally attained no higher results than g~edc 

‘.' ''''"''v 5 t certainly could^ never 

iu\e» g.iilicrcci suliicient enerc^y to roH isidi*' thr-» 

tradition th.at blocked the path of 

Tliroughout the l.ater and Middio A^-es water anrLhre 
continued to be accepted as the 

fornwtivc forces dominating the earth’s configuration, hence 
t .as unavoidable that the conceptions of the anciein phiK 

»ewer theories. 

If m renovated form. Meantime there were in every land of 
Lurope empiricists who,were patiently contributing new data 

L of\he" of physics, and the constitu- 

tion of the earths c*ust, and were thus preparin<r the onlv 
possible fofindation of a science of geology. ^ • 

fonnrfirif i dcserves an honoured place amongst the 
founders of geology, as one of the first who investigated the 
c.rrths siiucture upon scientific principles. Not only did 

of fossils, but his artistic 
suist of form and lus close observation of nature revealed to 
him in dm North Italian valleys the agency of running watei 
n scuipti^i’tg the earthte surface. He showed how rivers erode 
their valleys, and deposit [xibbles on valley terraces ; how a 
line detritus accumul.ate.s at river mouths, and plants and 
animals are buried in it ; how the qtganic remains then petr- 
tnrough phpical ch.mges and become petrified while the 
nver mud hardoi s into solid rock, and finally the rock » 
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containing the imbedded fossils rises above sea-lJvel and 
becomes dry land. 

Agricokj the mineralogist, also made afnumber of useful 
observations about springs, earthquakes, IctivQ and extinct 
^ volcanoes, volcanic rocks, the action of running water, and^ 
atmospheric movements. 

Giordano Bruno, who was burnt at Rome in 1600 for licresy, 
was a natural philosopher of considerable insight. A reprint 
of his ideas appeared quite recently (BoIL Tw. Nhfur, 

Bruno described the earth as spherical body, on 
whose surface the depths of the oceans w^ere gretU^r than the 
height of the mountains; the mountains were no higher in 
propgrtion to the size of the earth than the wrinkles on the 
skin of a dried apple. Bruno also denied that tly.’rc had t?ver 
been a universal I)|Iuge, but brought forward evidences of 
frequent alteration m the distribution of land and sea. lie 
also .directed attention to the position of vulcaiUMjs in the 
immediate proximity of the sea, and from that he argued 
that thermal and volcanic phenomena might be due to .some 
interaction between surface waters and the interior of tlie 
earth. ^ Bruno’s ideas were not understood by his contempor- 
aries ana were neglected. 

No writer was more -appreciated in his time tium the 
accomplished Jesuit, Athanasius Kircher.^ His famous work, 
Mmidiis subkrraneus, begins with the consideration of the 
centre of gravity of the earth, and the form and constitution 
of sun, moon, and earth. Book III. is devoted to hydro- 
graphy, another book {Pyrologus) treats of the earth s interior, 
volcanoes, and winds. Kirchefs idea that there are in- 
• numerable subterranean centres of conflagration {pymfhyhuia), 
which are connected with active volcanoes ; similarly that 
there are special water cavities in the earth {hydrophyinth), 
which are fed from the sea and are connected by branches 

^ Athanasius Kircher was born 2nd 1602, at Geisa, near Ki^enach, 
and died 1680, in Rome ; was educated in the Jesuit College of Fukk, and 
t%ok orders in 1618 at Paderborn. He was an accomplished linguist, aiid 
travelled through Sicily, Malta, and the Li||fcri Islands, Etna, 

Stromboli, and Vesuvius. He was made a rrofes'jor in Wurzburg "in 1630, 
but on the approach of the Swedesj in 1633, flight to Avignon, mnl 
. afterwards accepted the post of teacher of Mathematics in the Collegium 
iTSnanum in Rome. There Ije founded a valuable natinal hiHlorycuilcc- 
1 ion, which was afterwards described by Bunanni in 1709 imder the name 
of Museum Kirchcrianum, and is still kept up in Rmnc. 
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ill rill ilnxvlmm with the earlli's surface, at which they appear 
as t hernial s|>iint!s. Ivircher fc^llows Aristotle’s view of the 
oriiiin of spriii|^s,pake>. and rivers. Books VL, VI L, and 
MIL ireai oi^lh* iviilh’s roiuposilitui, but offer no dcscrip^ 
4icui of the differetn rocks such as one might expect; they 
dcsi'tibe in diiTyse st)le the salts that occur in the earth, and 
the CDnslitijlion^ aiul uses of saiul, clay, cultivated soil, etc. 
ITic rousolidiitioft^ of loose material .iirto rock is ascribed 
to a ^petrifying force (rA inherent in the earth, 

uhile a fwmaiving 1%'ce iSfiriins imiiihYtfmkus or J^hsikus) 
is said to |t4alure all kinds of shapes and figures, for’ example, 
crystals, prnimis .stones, stalariitrs, and fossils. 

Book X. iH ilcvotc'd |o mint's anti minerals, Kircher relates 
llial thrcnigli liic medium of |i!sint priests, he put several 
i|iiesti<ans iiy the miners at Xeusohl in^ lungary. Some of 
IhcHu referietl to tin* conditions of temperature the mines— 
whether tlie heat increased as greater depths were reached 
belof the suii'acr. am! if there were any signs of subterranean 
fire, dBe answer from Sehemnit/, was that in a welLventilated 
mine flic heat was srarctly perc,e|)tible, but that with poor 
vcolilaiion the mines were always warm. Johann ^Schapel- 
mani\ an c^ikial of die mines in iierrngrund, reported as 
follofs: **ln dry mines die temperature steadily increases 
in prujjDilion to the clepdi below the surfoce; where w^ater 
lies, the heal is less ; it is greatest in the parts of the mines 
where marcnsiie occiirsA This is the first oliservation of the 
steady increase of leinperature widi added depth. 

In spile of its many weaknesses and inaccuracies, Kircheds 
jUMfidiiS sikkrmm'MSw$nml always command a high place in 
the litcral#c as die first effort to describe the earth from a 
physical staiicl|)oiiit It was followed in 1672 by the publi- 
cation of the of Varenius, a work far 

exceeding dial of Kirrher in critical insight and methodical 
tl-ealmeiit It is valued asi the fundamental work in the 
domain of geophysics. 

Nikolaus Stened was one of the most enlightened geologists o| 

^ Nikiilitts Sirnti wa$ Unn 1638 at Cc>|tenhiigeu, sUiclied medicine mu! 
nmiumy al CripriUiagni ami Parin, travelled m llollami, France, ami 
flermatiy, and in Padua, lie m*as ealtel lu JOoreiiice lu l>o 

pliy^ilriaii In die Itraml lUike Ferdiiittiitl 11 .# and was afterwards the tuiuT" 
of llie mC Vnsimh Siemi then accepted an inviialion sent l>y Clirishan 
V. of Bctmiark, Wi reuirn to Cofieiiliageis m Pmfesior of Aimtomy'; Iml 
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the seventeenth century. Steno begins his work on ihc earth s 
crust by comparing fossil teeth found in thtj. deposits of Tus- 
cany with the teeth of living sharks. Hq then iiivestigau/s 
the origin of fossiliferous deposits and comparts them witii 
iinfossiliferous rocks. The latter, he says, \^*ere formed before' 
life existed on the earth, at a time when the earth was 
enveloped in a universal ocean. Homogeneous aiu! imc- 
grained rocks represent, according to Sfejno, the primitive 
earth'deposits which segregated universally from tlie undkidec! 
ocean. ^ If, on the other hand, a rock»stmtiim bc^composed of 
particles varying in character and size, or if it coinprise large 
fragments derived from other rocks or fossil remains, such a 
layer^represents a partial deposit of later origin. 

Steno argued from the traces of salt and tlie^presciu'c o*f 
marine animals, andcveii ship flotsam in certain deposits, that 
these had bee^ formed on the sea-floor, whereas the pivnanw. 
of a terrestrial fauna and of rushes, grasses, and the stems of 
trees in other deposits, indicate that those irad ac<'umulatrd in 
fresh-water basins. Steno was the first to enunciate clefinilc 
natural laws governing the formation of a stratigrapiiical suo 
cessioB the earth’s crust; these may be condensed as 
follows : — (i) a definite layer of deposit can only form upon a 
solid basis; (2) the lower stratum must therefore have •con- 
solidated before a fresh deposit is precipitated upon it; (3) 
any one stratum must either cover the whole earth, or be 
limited laterally by other solid deposits ; (4) during the period 
of accumulation of a deposit there i^ above it only the water 
from which it is precipitated, therefore the lower layers in a 
^ series of strata must be older than the upper. 

But Steno also realised that a series of stratjf originally 
horizontal might become relatively displaced by subsequent 
earth-movements. He cited examples of local crus 

Steno had become a Roman Catholic, ^nd his stay in his native city wa^ 
em\)ittered by the enmity caused on account of his "religion. He returner! 
to f'lorence, and was made Apostolic Vicar of Lower 8axon>% <lying in 
gchwerin on the 25th November 1687. By command of the "(band 
Duke Cosmo HI. his body was brought to Horence and*l>gfied in the 
Cathedral of St. Lorenzo. 

Steno’s work, De solido mira soHdum nafurahler cpnienfti^ was first 
jjub lished in Florence {1669), and was intended merely a.s the prodrome of 
■'"^rterger work, but no later work appeared. A second edition was piinletl 
at Leyden in 1679, but the original text of .Steiio’s little work is junv a 
bibliographical rarity; its contents are known chicily through the medium 
of Elie de Beaumont’s French translation published in iSjs' 
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showing how individual strata might remain hori^^ontal, while 
others might he lilted or even be thrown into a quite perpen- 
dicular position, |)thL‘rs again might be bent into the form of 
arches. Th# occurrence of crust-inthrows, together with the 
effects of surface tlenudation, might give shape to mountains ^ 
and valleys, plateaux, and low 4 .ying plains, ^fountains, he 
said, rtiight also originate from upward action of the volcanic 
forces in tfie crusty In cases of active volcanic eruption, ashy 
and tfragmental rock materials were ejected, intermixed with 
sulphurous spoors t%id mineral -pitch. * 

11ms Sfeeno's work already contained the kernel of much 
that has i)een under constant discussion during the two cen- 
turies which have p^yssed since his death; and if oiui^reads 
the most recent text-books of geology, it will be evident tluU 
science has not yet securely ascertainecli the share tliat is to 
be assigned to subsidence, to upheaval, to erosion, and to 
volcanic action in the history of the earth’s surface conforma- ’ 
tioi* in different regions. 

Descartes (1596-1650), in hm Principia Fhiiosopkm^ founded 
a cosmology upon his famous principle of the constancy of the 
amount of motion or ‘‘momentum” in the universa The 
earth, he states, like all other bodies of the universe, is com- 
[)Osyd of primitive particles of matter in which a ^vhirling 
motion is inherent, and they have aggregated themselves into 
the form of a sphere. During the gradual cooling of the earth 
the outer layers consolidated as a firm crust, while the nucleus 
still continued incandescent. The coarser and heavier primi- 
tive particles of the earth, as they rotated, c|>llected round the 
centre, while the filler and lighter particles gathered in the^ 
outer regfons and formed the crust, composed of metallic, 
saline, and aqueous parts. Crust-rupture has from time to 
time given origin to continents, seas, mountains, and valleys; 
according to Descartes, volcanic phenomena and fissure in- 
jections are results of the^high temperature of the earth’s 
•■■interior. 

(}. F. Jxdbnitz (1646-1716), the mathematician and physicist, 
accepts his Prok^ea the Cartesian view, that primitive 
matter had a fluid consistency owing to the tremendous initial 
heat, and that the earth’s spherical form was derived from the 
aggregation of whirling ultimate elements or “ monads ” of 
matter. In place of the Cartesian principle of momentum, j , 
Leibnitz starts from a dynamical basis, and assumes a force 
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which accomplished the separation of light from darkiKss, or, 
as he also expressed it, the separation of the more ac/iry 
elements of the universe from the more passive. A fiirtlaa’ dih 
ferentiation of the inactive elements, according to ^heir sta’oilily 
^ and degree of resistance, determined the dry land and the 
oceans. The escape of heated material from the interior of 
the earth produced slaggy spots on the earth's surface, and an 
these increased a glassy crust was formed.^ Thus the earth 
was gradually converted from thd^ condition of a radian^ sun 
to a dafk planet. The cosmical theorics/of Leibniti! suflered 
in the original from a want of clearness in the dictloit, and arc 
strained on account of the author's conscientious effort to pre- 
sent aphistorical account of the earth’s surface that should he 
in harmony with the Mosaic genesis. 

That part of the J^otogma which deals with miiieralogy is 
much more pijfjictical. His official position at the Court of 
Hanover enabled Leibnitz to become acc|uainted with the 
mines and the natural products of the Harz mountains, arK^lie 
gave an account of the mode of occurrence of the metals and 
minerals. He also supplied a detailed description, witlfilius- 
tration^ l^f a number of fossils occurring in Hanover and 
Brunswick in the copper schists. 

If Leibnitz was careful to make his theory of the eartli gjn- 
form with the Mosaic account of Creation, this feeling was for 
more strongly expressed in England. 

Dr. Thomas Burnet, in his Sacred Theory of the Earthy pub- 
lished 1681, thinks that in the beginning our earth was a 
chaotic mixture of earth, water, oil, and air, which gradually 
^consolidated into a spherical form. Tli« various rock-ingre- 
^dients separated out from the primitive chaos aci^^rding to 
their weight, the heaviest material accumulating round the 
earth’s centre; this in its turn was surrounded by water, on 
whose surface the oily material floated, and the atmosphere 
enveloped the whole. Gradually, «the finer particles that had 
been held in suspension in the atmosphere settled upon tlic 
oil and formed a fatty superficial layer that afforded nourish- 
ment for the first plants, animals, and human being.f. / 

The earth was oval, and its axis stood upright, in the same 
plane as the earth’s path, hence there were no alternating 
seasons, no mountains, np seas, no rivers, no storms. It 
rained only at the poles, but the water filtered at once into the 
earth’s interior. This state of earthly paradise lasted 1600 
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yc-ars, until the moist and fertile superficial layer was dried by 
the heat of the and began to rend and crack. The waters 
!>ecamt' vapours rose, and bursting through the 

fertile Liycit <’nnie iiito contact with the atmosphere/ The 
iiiterniingliiig ofair and vapour produced fearful storms of^ 
thmuler and lightning and torrential rains. 

Hie superficial layer broke in many places, and portions of 
it sank into the eiirtirs abysses. As they fell, some parts were 
cruiilKal, and tumbled in dfsorder above one another, so that 
they fornietj moiin^dns, valleys, and islands. This*\vas the 
period of tlie great Deluge, during which plants and living 
creatures were almost all destroyed. As the floods retreated 
the present state of caiy earth ^vas initiated, but it also viill one 
day iiass away in a universal conflagration. Then will succeed 
a second (Ihaos from which the Goiden#\ge will spring. 

Jluimet's circumstantial sketch, which in n# way militated 
against Tihlical evidences, excited considerable attention, and 
wr^i for him worldly preferment But in a later work in 1692, 
Burnet treated the ISIosaic account of the Fall of Man as an 
allegory, and for this heresy he was dismissed from his appoint- 
ments at Court # * ,' 

John Woodward,^ the collector and palaeontologist, was the 
mc^t famous English representative of the religious school of 
geologists. liis Kafi^rai IIi$t(>ry of the Earth and Terrestrial 
Bodies^ etc. (London, 1695), was translated into Latin by 
Johann Scheuchxer, and had a wide circulation. In this 
work, Woodward described his collection of fossils, minerals, 
metals, and rock specimens. He strongly opposed the opinion 
that fossils could bc^iere imitative sports of nature, and said^ 
they repfesented past faunas and floras. But he supposed 
these remains to have been carried to their present position in 
the earth by a universal flood, the deluge of the Scriptures. 

Before the Flood, the earth's surface conformation had been 
similar to that which we ^low know, and the ante-diluvial 
forms of life on the globe had not differed materially from 
post-diluvial forms. l‘he earth's interior had been filled wkh 

^ John Woodward, born 1665, in Derbyshire, studied medicine under a 
practical physician in Gloucester, was appointed Professor at Gresham 
College in London in 1692, died 1722. He bequeathed his valuable 
cidleclion and library to the University of Cambridge. One of the most 
violent tq>ponents of Woodward’s views was Elias Camerarius, Professor at 
Tubingen. 
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water, which suddenly burst through the earths crust, aiul rose 
above the highest mountains. The earth’s crust was entu\;ly 
disintegrated by this catastrophe, but living ^^rentures, plants, 
and metals remained intact. As the Flood subsided the dis- 
•-^integrated materia! sank, and the stratigraphical succession 
formed with the heaviest rocks in the lower strata and the 
lighter deposits in the upper horizons. 

Similarly the heavy metals, the minerals, concretions, 
marbles, and heaviest fossils wefe imbedded in the loaves! 
strata; m the chalk strata were buried tihc lighter conchylia 
and echinoderms; %vhile the upper series of sandy, chyey, and 
marly strata contained the bones of men, foiirdboted animals, 
'fishes,^the shells of terrestrial and fresl^-water conchylia and 
plants. 

The post-diluvial |poch had not been disturbed by any 
further catastrg.phe ; rain had washeti away the suiJciihaal 
material from the mountains, and the rivers and struanis had 
carried the detritus into alluvial plains and sea-basins. ^ 

William Whiston,^ another English writer, indulged in still 
more remarkable fancies about the early history of our ^obe, 
He supj)c^ed the earth had originally been a comet, which 
happened to approach the sun, and was melted into a coherent 
mass. As it travelled away from the sun, a re-arrange raenj; of 
the earth’s material began ; the heavier particles formed a solid 
nucleus, the lighter particles gathered in the superficial 
the surface was covered by water except where higli mountain 
chains and islands rose above the ocean-level. I'iie Paradise 
of the Bible was situated in the southern hemisphere, under 
the Tropic of Capricorn. In the begimwng of creation the 
^earth had no rotatory movement round its axis. Thft did not 
begin until after the Sin and Fall of Man' in Paradise. After 
the Fall, in virtue of the rotatory movement, the internal heat of 
the earth radiated towards the surface and encouraged a rich 
increase of plant and animal life? but also caused a strong 
development of the human passions. The punishment came"; 

1 William Whiston, born 1666, in 1695 hecanr; Chaplain Bidiup 
of Norwich, and was in 1 701 recommended by Sir Isaac Newum hk 
successor to the Chair of Mathematics in Cambridge. The heterodoxy of 
his writings caused Whiston to be deprived of his Professorship in 1701, 
The wide intelligence and irnagiKilion of his writing commanded, hrswcvrr, 
a large circle of admirers, and his Theory of the'' Earih ran through nIx 
editions in a very short time. He died in 1753. 
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on the 1 8th Noveml:)er 2349 bx., a great comet stood above 
the Equator, its tail came into contact for some hours with the 
earth, sliook out ^vatcrspoiits, and simultaneously the subter- 
ranean waters* escaped and inundated the earth’s surface. The 
Flood destroyed phants, animals, and human beings. 

I’he famous zoologist, John Ray, in his TYiree P/^stco- 
iheoio^^lcai IJiscourses (London, 1693), took much the same 
standpoint as Woodward. He accentuated, however, the great 
importance of running water* as an agent of surface erosion, 
and explained, the widb continental flats and deserts as t result 
of the occasional escape of subterranean waters and the occur- 
rence of gigantic floods. 

Johann Jacob Sche^chzer, the Zurich professor, turned bis 
attention to geological, geographical, zoological, and botanical 
pursuits duriiig his fre(]uent travels, and wjjj? an ardent fossil and 
mineral collector. A few geological sections wi^ich he made 
in the neighbourhood of Lake Lucerne were the first attempts 
in tl^e literature to reproduce bent strata and other features of 
mountain structure by means of accurate sectional drawing. 
But h% works afforded as little insight into the mineralogical 
composition and stratigraphy of the rocks, and the dig:ri]>ution 
of fossils, as those of his predecessors and contemporaries. 

It^ly, at the beginning of the eighteenth century, possessed 
two geologists, Antonio Yallisnieri and Lazzaro Moro, who 
sought to counteract the tendency of their time towards the 
theoretical construction of an earth history. Vallisnieri (1661- 
1730), who held the post of Professor of Medicine at Padua, 
was an enthusiastic fossil-collector, and entered strong pro- 
test against the idea#that the Flood was accountable for the 
annihiiaticfi of all pre-existing organisms. His writings point 
out that marine deposits are widely distributed in Italy at both 
sides of the Apennines, and are also present in Switzerland, 
Germany, England, Flolland, and other lands, and Yallisnieri 
therefore argues that those •deposits prove incontestably the , 
former presence of the sea over these localities. He favours 
Strabo’s doctrine, and explains how different areas of thft ' '' 
cartlvs siVaCc may frequently undergone relative changes 
of level, liow portions which are now dry land may formerly 
have been under sea-water. He further explains the presence 
of marine fossils in these deposits, on the natural assumption 
that the inhabitants of the sea as they died fell to the bottom, 
and were there incorporated in the deposits. Yallisnieri 
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water, which suddenly burst through the earth’s crust, and rose 
above the highest mountains. The earth’s crust was entirely 
disintegrated by this catastrophe, but living Creatures, 
and metals remained intact As the Flood subsided the dis“ 
-^integrated material sank, and the stratigraphical succession 
formed with the heaviest rocks in the lower strata and the 
lighter deposits in the upper horizons. 

Similarly the heavy metals, the minerals, concretions, 
marbles, and heaviest fossils wefe imbedded in the lo^vest 
strata; m the chalk strata were buried tjrie lighter conchylia, 
and echinoderms ; while the upper series of sandy, clnyey, and 
marly strata contained the bones of men, four-footed animals, 

' fishes, ^the shells of terrestrial and fresl^water conchylia and 
plants. 

The post-diluvial fpoch had not been disturl)ed by anv 
further catastrgphe; rain had washed away the superficial 
material from the mountains, and the rivers and streams had 
carried the detritus into alluvial plains and sea- basins. ^ 

William Whiston,^ another English writer, indulged in still 
more remarkable fancies about the early history of our ^obe. 
He sujfjjDcjged the earth had originally been a comet, which 
happened to approach the sun, and was melted into a coherent 
mass. As it travelled away from the sun, a re-arrangemenj, of 
the earth’s material began ; the heavier particles formed a solid 
nucleus, the lighter particles gathered in the superficial parts : 
the surface was covered by water except where high mountain 
chains and islands rose above the ocean-level. Tlie Paradise 
of the Bible was situated in the southern hemi.sphere, under 
the Tropic of Capricorn. In the beginiiing of creation the 
*earth had no rotatory movement round its a.xis. Thft did not 
begin until after the Sin and Fall of Man' in Paradise. After 
the Fall, in virtue of the rotatory movement, the internal heat of 
the earth radiated towards the surface and encouraged a rich 
increase of plant and animal lifay but also caused a strong 
development of the human passions. The punishment came : 

^ William Whiston, born 1666, in 1695 becan#s Cha]vlain t5 Bishop 
of Norwich, and was in 1701 recommended by Sir Isaac 'Nvw'Um as Ids 
successor to the Chair of Mathematics in Cambridge. The heterodoxy of 
his writings caused Whiston to be deprived of his Professorship in 1701. 
The wide intelligence and imagii^ation of his writing commanded, however, 
a large circle of admirer.s, and his T/imy of th>i Earth ran through dx 
editions in a very short time. He died in 1753. 
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on the iSth November 2349 n.c., a great comet stood above 
1 e iMiuator, Us tml came mto contact for some hours with dm 
eaith, shook out ^vaterspouts, and simultaneously the subte. 
ranean waten^csc^ed and hmndated the earth’s smfoce The 
Hood destroyed pkinls, a.nmals, and human beings 

Standpoint as Woodward. He accentuated, however, the Seat 
nnppj,tance of running water* as an agent of surface crofion 
anc explamed the wu*e continental flats and desert^Js a rS 
o the occcisional escape of subterranean waters and the occur- 
rence of gigantic floods. 

Johann Jacob Scheucluer, the Zurich professor, turned his 
attention to geological, geographical, zoological, and botanical 

1 neial co kc.toi. A few geological sections which he made 
• ' neighbourhood of I.ake Lucerne were the first attemots 
in tlje literature to reproduce bent strata and other feaiures^of 
mountain strucUire by means of accurate sectional drawhm 
But lift works allorded as little insight into the mineralo<dcal 
composition and stratigraphy of the rocks, and the disfributioil 
a^tl predecessors and contemporaries, 

at the beginning of the eighteenth century, possessed 
two geologists, Antonio Vallisniori and Lazzaro mLq 
■sought counturac. tendency of therrTn? .3, tte 

theoretical construction of an earth history. Vallisnieri (x66i 
i73o)> who held the post of Professor of Medicine at Ihdua 
was an enthusiastic fossil-collector, and entered stronV nrn 

SreiSS accountable fL^the 

nnr thof ^ ^ I pre-e.xisting organisms. His writings point " 
out that marine deposits are widely distributed in Italy at both 
sides of the Apennines, and are also present in sSzerland 
England, Holland, and other lands, and Vallisnieri 
e ore argues that those •deposits prove incontestablv the 
former presence of the sea over these localities IS SouS' - 
rirfh-=‘’ explains how different areas of thg * 
of lev {requently undergone relative changes 

of level, how portions which are now dryland may formerlj 
have been under sea-water. He further explains the^ presencl 
of marine fossils in these deposits, §n the natural assumption 

and were there incorporated m the deposits. Vallisnieri 
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enumerates the. known cases of ilucliiations of level, and men- 
tions changes going on at Pozmoli. He gj^ves also a drtnilrd 
account of the island of Mea Kaiimen that a|jj>eare<! uh SaiUorin 
in the year 1707. • 

The learned abbot, Antonio Lazzaro ’iforo (16871710), 
warmly contested ’the views of Ihirnet, Woodwartl, a!id L<;i!>* 
nitz. Moro’s own theory of the eartli was based upon the 
upheaval of the new volcanic island at Sii^Uorin. The taia/r- 
gence of the island was marked by earthquake and vc4cani(': 
disturSances, which went on intermitteniy for several months. 
Moro attaches great importance to the fact that the rorks, as 
they began to rise from the /Egean Sea, were covered willi 
oysters, .and that these were afterwards buried by thcj ejtal«*cl 
volcanic material He then describes the origin of Montr 
Nuovo, near Naplem; and, following ikiragallos for the most 
part, he glves«a complete accoimt of the eruptions of Vesuvius 
from the year 79 a d., and of the eruptions of Etna. His 
trine was that the fossils found in the mountains had origimted 
where they were found, and that the mountains themselves had 
been upheaved from the sea by volcanic action. Ail continents 
and isla»ds had also been upheaved in this way. The stratihed 
material composing some mountains represented the original 
volcanic ejections, which in consolidating had assuin^nd a 
certain stratification of a secondary character, such as is 
presented at Monte Nuovo, Vesuvius, and Etna. 

It IS unnecessary to enter into the details of tlic sequence 
of events drawn up by Moro in the part of his work dtwoted 
to the earth^s history. With the exception that he follows 
Vallisnieri in discarding the Flood, tii^j chain of events is 
designed in harmony with Scriptural authority ; ancf an official 
affidavit is given in the preface that the book contains nothing 
which is inimical to the Catholic faith. Moro was highly 
esteemed in his time, and was very successful in spreading 
his teaching. But he contributed little that was mw to 
science. Even his doctrine of convulsive upheavals had 
been largely anticipated by Strabo; while his own con- 
temporary, Robert Hooke, had worked along shirflar lines, 
although his writings were unknown to IHoro. 

A striking contrast to the work of Moro is presented by the 
Telliatmi (anagram of tt^ author) of I)e Whereas 

Moro attributed all continents, mountains, and island.s to 
volcanic agen^:y, De Maillet regards all the rocks of the earth 







was written in- 1715 and 1716, 
Oiy account of its lictcrodoxy, 
)ubIication until after hi^ deatb, 
brm of dialogues between an 
""i a French rnissionary. All 
are placed in theui.ioutb'#f' 
— ler to adopt them or to 

divided into six dialogues. The first 

upon the hypothesis that in the beginning the 
red by\vater. As the water dimintshed 
IS, ^islands, and continents made their 
primitive mountain -sysfems 
time when the seas were 


Indian philosopher® Telliametl, an 
the heterodox ideas of the author anij 1 
the oriental, and it is left to the listen 
-reject them. ' 

ThcvsubjecFmatter 
dialogue starts 1 
. whole earth was cove 
in volume, mountair 
appearance. 'Phe I 
emerged from the world-^occairat a t 
very sparsely inhabited by organismsPhe^c: dre;: “r^ks'^an 
or poorly fossiliferous. Be the erosior 
and fragmentation of these pripiitive rocks the niaterTaTfoi 
the further formation of rock was Obtained. Sediments were 
contMtjfilly. la process of deposition in the seas and the 
)ounger the rocks, the more richly they became filled with 
.the remains of animals and plants. Telliamed also nSta; that 
lany species of fossil mollusca are apparently now extinct 

in unpSrm f of S nee, 

l! Ff ‘^I'^eds hypothesis that the level of the ocean 

vas formerly higher. Telliamed reckons the lowering of the 
-^-tevel at a foot in three hundred years, or three and a quarter 
feet jn -a thou.sand years. I'he third dialogue suggests various 
Inf nf 'll accurate determination^of the lOwer- 

KiitofP' obtained. The fourth is devoted 

oSs Is, the origin of which from living organisms Telliamed 
firmly believed m. The difth and sixth dialogues treat of the 
cosmology of the earth, but are distinctly weaker than the fore- 
going. If we except ■these concluding chapters the Telliamf/J 
far outshines other geological Writings of the^ei-^hteemh centum 
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in them, represented marine deposits that hm! iu-en piihlied 
upward by the expansive force working cei^lrirtiplly 
the earth. X'eedham explained the .Mosair*'* Uays'’ prim: 
tive periods of protracted length* 

Justi, : in his Geschichfe ties- iLrakih'^irs fHciiin, 
regarded all planets and comets as torn fragments of the sum 
The Earth was originally a rnixtun' of soft earth and wat^'r, 
mixed with oily and mercurial suhstanrtfs. liu: s])la'riral 
form was developed as a result of natation roiintl im axis. 11u? 
water taken from the sun distrilmted itself over the globe, 
and the latter became enveloped l)y a vaporous atniospht:re. 
Life began to inhabit the water, and minerals and the various 
kind?of rock were formed by new comffinations of the original 
ingredients. The whole work is a compilation of fancies iuing 
on a few slender pc^ of fact. 

Other Oeftnan writers, Gleichen-Rosswurng Professor 
Johann Gottlob Kruger, and Johann Silberschlag, allowed their 
imagination to carry them into still more glaring absurcMties. 
But it is worth mentioning that Rosswurm, in sketching the 
development of life on the globe, begins with the existence of 
infusoria^in the sea. The skeletons of these are said to have- 
formed an elementary earth ” on the sea-basin, from which 
sprang larger and rougher forms of animals, until at lasLtifter 
immeasurably long epochs, all aquatic forms of animal life had 
come into existence. 

Begin/imgs of Geological Observation. — The true spirit of 
research was still kept alive by men wh j confined themselves 
to special subjects of investigation, or described^the strati- 
graphy of particular localities. 

Friedrich Mylius published in 1704 and 1718 a valuable 
work on the rocks of the Thuringian district John Strachey, 
in England, gave an admirable description of the various kinds 
of strata present in the coal districts of Somerset and North- 
umberland {PMlos, lYans., 1714 and 1725). liolloway studied 
the chalk deposits in Bedfordshire {Philos. Trans., 1^23). 

In Italy, Spada and the Sicilian observer, Schiavo, drew 
attention to the fossiliferous deposits of the younger Tertiary 
periods ; the Venetian teacher, I>onati, compared the present 
deposits and fauna of Adriatic Sea with the deposits and 
fossils at the base of the Apennines. Baldassari contributed 
a similar work on the deposits near Siena. The traveller 
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Targiorii Tozetti, of Tuscan}^ occupied himself with the fossil 
lenticles {N'innmBlUes) of Casciano and Parlascio, which he 
took for corals j ai^i also with the fossil remains of land mam- 
malia that arS distjibiited in the valley of the x\rno, in Val di 
Chiana, and Ombrosa. Targioni showed conclusively that the 
mamnialia had lived in these valleys, and had not been 
carried there by any diluvial catastrophe, or brought by the 
Carthaginians. „ ^ 

TV Christopher Packe we are indebted for the first geo- 
logical map of a part of England in his work, A 
Fhiiosc^kkai-Chorographical Chart of East Kent^ published in 
1743. The map embraces a district of 32 English miles in 
the east of Kent, and tlie descriptions in the text are illustrated 
in the map by special signatures and lines. 

Lehmann ^ had an ample knowla^e of the minerals 
and fossils that occur in the rocks of Prussia. His work, 
Eersuch einer Geschkhfe des FicUzgebirge (Berlin, 1756), con- 
tain^ a wealth of carefully observed data, and an elaborate 
stateiiiiijnt of his ideas about the origin and composition of the 
earth’s crust. Lehmann accepts a universal deluge, ^which 
dissolved or carried away in suspension much of tne*" loose 
surface material of the primeval mountains. The fine earth 
and %lay thus removed was precipitated as horizontal layers 
on the sides and at the base of the mountains, and formed 
the stratified deposits {FibtzgeMrge), As the waters receded, 
these deposits, together with the remains of plants and animals 
that had fallen upon the sea-floor, hardened into solid rock. 

Lehmann distingui.^hed the primitive rocks from those of 
derived origin by their greater height, and by the nature ©f the 
veins or dykes {Ganggesteine) that occur in them. He did not, 
however, differentiate between the mode of origin of the so- 
called vein-rocks and the stratified systems. Pie thought the 
vein material had also originated from water, but had been 
laid down in disorder in the early periods of creation before 
the universal deluge, so that it \vas vertically or diagonally^ 
deposited, ^and contained few or no fossils. 

^ Johann Gottlob Lehmann was a teacher of mineralogy and mining in 
Berlin, ilis writings extend over chemical* mineralogical, geological, and 
mining subjects. In 1761 the Cxarina Cj4herine elected him Ihofessor 
of Chemistry, and Director of the Imperial Museum at St. Petersburg, but 
he died in 1767 from injuries caused by the explosion of a retort filled with 
arsenic* 
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The. chief merit of Lehmann is his accurate description of 
the stratified rocks {FilnsgeMrge). Tie di.'^tingiiished thirty 
successive bands of rock in the stratified system of ilfeui am! 
■Mansfeld; and set forth the geological slniclure cT that dislrict 
in, an accompanying' series of diag.ranis and stalions. Many of 
the. terms in his descript.ion of the I'huringian di-pnsits were 
a.dopted by him from the miners, and have been retained in 
geological literature; for examine, Ztrksiem or mine stone, 
corresponding to the Magnesian Jhnestone and shales or 
Upper Dyassic group in England ; and n^ikes 'rtHiiikge^itks 
{Mothliegende) or red underlyer, the unproductive Isasemeiit heals 
below the ore-bearing, and the equivalent of the Lower Dyassiia 

Wffat Lehmann accomplished for flic Permian rm:ks of 
Thuringia was acconmlished by one of his contempriraries, Dr. 
Fiichsel/ for the Trmssic series in the same district. In his 
Latin work, Hichsel defined for the first lime the scientific 
use of the terms Stmium (Schicht), Situs {\AVg,vA% and Strks 
moniana (Formation). He used the term ‘MormatioiD^ to 
signify a succession of strata, which have been formed me- 
diately after one another under similar conditions, and represent 
one ep‘0^1 in the history of the earth; and this is the signifi- 
cance which has continued to be attached to the term in 
geology. ... . . 

Fiichsel recognised nine formations in Thuringia from the 
oldest or fundamental rocks to the Muschelkalk : — 

9. Muschelkalk, or Upper Limestone series (Middle Trias 
of later authors) ; 

8. The Sandstone series (now Bunter sandstones or Lower 
Trias); . ^ ^ 

7. Granular Limestone and dolomitic marls (no^v Zechskin 
dolomite); 

6. The Metalliferous series (Zechsiebi) and copper slatp 
{Ktipferschiefer); ^ 

5. White rocks, with interbed ded sand and clay; 

^ 4. Bed rocks, with interbedded red marble ; 

^ G. Christian Fiichsel (1722-73) studied in Jena and Leip%*g, tcok ihc 
degree of Doctor at Erfurt, and passed the great poniun o( his life as a 
physician in Rudolstaclt. The results of his invest igation.s are puhlislicii in 
two works; the chief work appeared at Erfurt "‘ili.storia terra/ 

et maris ex historia Thuringi^ permontium descriplioncni creePr- (.-///#/ 
Acad, elect, Moguntince), The second work was publislied independeiuiv, 
and is now very scarce, Entwurf zurdUesten Erd und dkmchm <ksdikkit\ 
1773 * 
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3. Slates, with intercalations Of marble; 

2. Carbon iferqjus series (with this Fiichsel erroneously in- 
cluded the I^aikikgeftde^ or Lower Dyas) ; 

I. Basal, t)r ‘‘Vein” series, forming the summits of the 
Harz and Thuringiaii forest, with erect strata. 

Fiiciisei carefully observed and described the fossils charac- 
teristic of the Miischeikalkj Buntsandstein^ the Zechsidn^ and 
other series. ,, 

Fuchsel’s great work, though it was unfortunately but little 
known during its author’s life-time, became practically the 
model for the Wernerian School of geologists, and, more than 
any other individual work, laid the foundation of that rapid 
development of strati^aphicai geology which began in Germany 
in the next generation. Fie gave to the geological formation a 
definite paleontological value, and also ntpresented the surface 
outcrop of the several formations upon an orogmphical map by 
means of corresponding signs, letters, or numbers. Ftichsers 
geological maps were the first of the kind in Germany, and his 
text y^as further illustrated by detailed geological sections. 

Professor Ardiiino,^ in Padua, was the most brilliant of the 
early Italian stratigraphers. He was the first who sftb-divided 
the stratified rock-succession into Primitive^ Secondary^ and 
Teriiary groups. His geological observations were made on 
the rocks of the Paduan, Veronese, and Vicentine districts and 
the neighbouring High Alps, and he gave an excellent exposi- 
tion of the composition, surface outcrop, and order of super- 
position of the strata in the groups which he distinguished. 

According to Arduino, the Primitive rocks are unfossiliferous, 
and consist of glasly, micaceous, strongly - folded schistose^ 
rocks, through which run innumerable veins of quartz. The 
Mollies secimdarii contain a great number of marine fossils, 
and are composed chiefly of limestones, marls, and clays. 
Arduino enumerates severgil minor groups within the Secondary 
series, and dwells at consi5erable length on the uppermost 
white and reddish limestones, the so-called Scagiia (Cretaceous 

^ Giovamii Arduino (1713-95) was Director of Mines in the Vicentine 
Province and in Tuscany, afterwards l^rofessor of Mineralogy at Padua; he 
exerted a strong personal influence upon his colleagues in Italy and upon 
the many foreign geologi.sts that came to Italy for purposes of study. His 
writings were very numerous and won him*great repute. A list of them is 
given in the Bibdograyhie geokgiqtw €t y^aUonioiogiqm dc rjiaiic^ Bologna, 
iSSr. 
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formations). He remarks the huge blocks of granite ami 
schist which bestrew' the exposed surfoccs of the rock,-., 

saying that they have been clearly carried he’rc fivmi I’riniilivv 
rocks exposed in the neighbouring Tyrol. Tut it n. ui.dii. d r'. r 
- a future age to penetrate the mystery'of tluv tran- port of these 
massive blocks by ice. Arduino’s Monks ttiiiorh consist uf a 
younger and highly fossiliferous series of liiiic.-tuni., .sand, ina:l, 
clay, etc., and he observes that the inateriaLs of ilu-.se can 
in many cases be shown to have been denvtid from tltc 
Secondary series. 

The volcanic rocks of Northern Italy were comprised liy 
Arduino in a separate group, and their diifercnl origin was 
clearjy pointed out; he included in Ijjc volcanic group not 
only true lavas and tuffs, but also the fossilifermi.s .strata with 
which the volcanic r^cks were interhedded. Ardnino acrord- 
mgly referred^the ofigin of the volcanic group to recurrent 
eruptions and intermittent inundations of t!ie sea. 

Ihe first coloured geological map was published bv (hntlieh 
Glaser at Leipzig in 1775. Wilhelm von ( ’liariiciUier'inihisslied 
three years later Minemhgy of Chur-Saxony, whieff ranks 
along wi^i the works of Lehmann and Fiich.se! a.s .a clas.sic in the 
early geological literature of Germany. 'J‘he distrihution of the 
principal locks and formations is shown by nieau.s of rokmis 
on a large map, and the occurrence of the less imiiortant 
rocks, of mineral veins and volcanic dvke.s, is indicated bv 
various signs. ' 

Chaipentier grouped granite, gneiss, mica schist, pornlivrv, 
and limestone together as a basal formation belonging to one 
. and the same geological epoch. Above- this basal formation 
Gharpentier distinguished argillaceous schists andlslates, and 
the peywackes of the Carboniferous series ; then the Fldtz. or 
ore-beanng group, which he sub-divided according to Lehmann 
and huchsel. 

Some years later, by the disconery of Goniatites and fossil 
plants in the slates and greywackes, Von Trebra, an overseer 
ftf mines, was_ able to confirm Charpentier’s conclusion, that 
the true position of these rocks in the succession vsis above 
and not along with the basal formation. ’ 

'While the foregoing authors were conducting .strati''ni:'li!n! 
researches in special localities, others were endeawmrinu to 
enlarge our arena of knowledge by means of travel and bv 
observations of a more general character extended over whie 
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areas. One of the most notable workers was the versatile 
(.luettard,^ who travelled through France, England, Germany, 
and Poland, anef whose great desire it was to reproduce his 
scientihe observations on maps. 

(hiettards miueralogical map of France and England 
naturally cannot compare with the present Geological Survey 
ma[)s : but it certainly gives so much accurate information 
regarding the local occurrence of rocks and minerals, and the 
position of mines, quarries, •fossil localities, mineral springs, 
hot springs, coal, etc., that it can still be used with advantage. 
Fhe map is not coloured. The accompanying text refers only 
in a very meagre and unsatisfactory manner to the stratP 
graphical succession o| the rocks. 

It was a pet scheme of Guettard’s to publish a mincralogical 
atlas of the w’holc of France. This gi^ntic plan was never 
completed ; Giiettard, in collaboration \mh his colleague, the 
chemist Lavoisier, published twenty-nine parts^ and Monnet, 
in 1780, added thirty-one farther sheets... flidirectly, this idea 
of (mettard's was productive of very important results, for. the 
prepafation of the maps demanded an energetic search in the 
open field for the necessary data. The enthusiasm of^Guettarcl 
ins[)ired others, and there rapidly appeared a large number of 
scientific papers on the mincralogical features of different 
French terrains. One very interesting paper gives an enthusi- 
astic account of the neighbourhood of Paris, its rocks, its 
minerals, and a large number of fossils. 

Guettard described the processes of land denudation effected 
by the solvent and destructive agency of rain and rivers, and 
by the abrasion of tii4‘ waves. This is probably the first paper 
in which ^ systematic account of denudation is given in its 
relation to changes in the configuration of the earth’s surface. 
But the most brilliant of Guettard’s achievements was his 
discovery of the volcanic rocks in the Auvergne region. 

In 1757 he was journeying to Moulins and Riom, when be 
observed that black stones were very common on the roads 
and in buildings. Recognising that these were fragments of 
volcanic Jp.va, Guettard, accompanied by his friend ]\Ialesherbes, 

^ Jean Etienne Guettard {1715-86), son of an apothecary, while still a 
lx)y displayed a passion for natural history, especially for botany ; studied 
medicine in Paris, afterward.^ accompaniejJ the Duke of Orleans on his 
travei.s, and was made keeper of his natural history collections. In 1734 
he was elected a member of the French Academy. 
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followed the traces of the lava, and was thus guidril to the ex- 
tinct volcanoes in Auvergne, which had up^to that linic been 
unknown in mineralogical science. His famous pa] tilled 
*‘Sur quelques montagnes de la France ffur'ont^ctc \ okans. ’ 
was presented at the Royal Academy of Scnaices in 175^, anti 
published in 1756. His paper on basalt was pulsii^ht't! in 

Giraud Soulavie, abbot at Nimes, invesugated iuv exuiKl 
volcanoes in Vivarais, Velay, Ativergne, ami Prt>vcnre. Ills 
chief book, Misfmre nafun/k de hi h ranee meridhahLr (Ximes, 
1780-84), gave an accurate description of the rot'ks vd the 
neighbourhood. In it Soulavie strongly ailvcuaUeii the vt?b 
canij; origin of basalt, and describede minutely the physical 
peculiarities and the divisional planes of basalt rock. He also 
made an attempt determine a chronological succession <.d 
the volcanic eruptions upon the basis (i) of the ]H)siuon cd 
the basaltic flows above or l)elow rocks of other ct)mpixsition 
and origin, (2) of the preservation of the seoriaceous^ and 
slaggy surfaces, (3) of the variations in the height ot the 
extinct craters. Even although the succession drawn'^up by 
Soulavi^ could not be other than faulty, owing to the ele- 
mentary state of slratigrapbical knowledge at that time, it was 
a remarkable piece of work, and fully justifies for him aju'gh 
place amongst the geologists of the end of the eighteenth 
century. His own contemporaries w'crc inclined to see rather 
the weaknesses than the excellences in the work of the country 
abbot. Many of Soulavie’s conceptions and observations have, 
however, proved themselves to be eminently fruitful and valu- 
able. ^ 

Rouelle, a lecturer on chemistry, seems to hafts been an 
exceptionally acute thinker. In a short introduction to a 
series of lectures on chemistry, Rouelle touched on the origin 
of the earth and the composition of its crust He distinguislied 
“an old and a new earth. To the first he reckoned granite, 
in the latter he placed all calcareous, argillaceous, and arena- 
ceous rocks, together with the fossils contained in them. The 
fossils were, he said, distributed in the succession oi rocks in 
a definite order of development, and these extinct forms had 
differed in the different lands according to environment and 
climate, just as the existing faunas and floras differ in different 
localities at the present "day. Rouelle further explained the 
coal seams as accumulations of plants; the rough limestone 
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of Paris as a mass of fossil molluscs, amongst which the genus 
Cerithia predominated; and the limestones in Burgundy and 
in the Morvan as similarly an aggregated mass of ammonites, 
bclemnites, gi\|)hites. Unfortunately, Rouelie published 
nothing more thanlhe bare outline of his ideas, and they failed 
to benefit the general development of geology. 

A Swedish mineralogist of wide repute was Johann Ferber, 
who tauglit first^j) St. Petersburg, afterwards in Berlin, and 
finrdly settled in Swit/.erlaifd. He was an indefatigable 
traveller, and wrote interesting series of letters relating his 
imjaessions and oi>servations during journeys in nearly all 
European countries. His description of the neighbourhood 
of Na[)les, and still imore his account of the ejected ijpcks 
of Vesuvius, arc among the finest scientific writings of the 
eighteenth century. • 

Ignaz von Born, an Austrian, was a learned miiieralogist, and 
a pakeontologist of far keener insiglit than most of his con- 
tem|)4)raries. Like Rouclle, he reaii.sed the great part that 
fossils were destined to play in historical geology, observing 
that SLKxessive assemlilages of fossils gave indication of the 
different geographical and climatic conditions wlich had 
obtained in the same area during successive ages. In one of 
his ti:eatise.s, Von Born recognised that the ‘Hvammerbliher’ 
near I’Van/.emsbad was an extinct volcano, but this opinion 
was at the time attacked and contradicted by Reuss, the 
Neptunist 

G, L. Lc€kr€ de Buffon} — It was only natural that misgivings 
should have been aroused in the minds of many thinkers 
regarding S $i;ience whose literature frequently indulged in 
unfounded and fanttistic hypotheses, and whose votaries seemed 
often to arrive at worldly distinction without having displayed 
any deep scientific knowledge or accurate observation of 
nature. • 

Buffon gave expression to this widespread feeling among his 
contemporaries when he made the sarcastic remark that# 

^ George Louis Leclerc de liuffon, born at Monlbard in Burgundy in 
1707, was the son of a wealthy land-proprietor and Member of Parliament, 
Benjamin Leclerc, In the early part of his scientific career, he devoted 
himself to pliysics and mathematics, but was»appointed in 1739 to succeed 
Dufiiy as Director of the Botanical Garden at Paris. He received the title 
of Count with the surname De Buffon. He died in Paris in 1788. 
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geologists must feel like the ancient Roman augurs v;ho could 
not meet each other without laughing. Nevcrt:'u:k‘>s, h-e 
resolved to gather together all the actual oHservatiuns IrllluTlt) 
recorded in geological science, and to consti'uct^i more ivascui- 
able history of the earth upon this recognif^al basis. 

His first geological work, Thhrk de hi Ttrri\ which was 
published in 1749, marked little advance upon current 
literature, but it was an able arguoient against the principles of 
the earth’s origin held by Whrston, Burnet, \Vuodwari], and 
Leibnitz, and boldly denounced tlie popular idea of a universal 
Deluge. His great work, J^piniues de h jVctfim\ appeared 
twenty-nine years later, in 17 7S. 

'■ 5uffon there enumerates live of first importam'c, 

and five additional “ monuments or comments, dim “ facts 
are physical in chagreter; they postulate the <.il)latC'SpheraidaI 
form of the <jarth; compare the small amount of heat received 
from the sun with the large supply possessed by the body of 
the earth; the effect of the earth’s interna! heat in altering the 
rocks of the crust; and the presence of fossils everywhere over 
the earth, even on the tops of the highest mountain^, llie 
“ monignents ” assert that all limestones consist of the remains 
of marine organisms, and that in Asia, America, and the North 
of Europe the remains of large terrestrial animals occur at a 
small depth below the surface, showing that they appaVently 
dwelt in these regions at no very remote age; whereas the 
deeper-lying remains of marine creatures in the same region 
belong to extinct species, or are related only to forms !to\v 
inhabiting far distant seas. 

Starting from these axioms, Bulfon pi^rtrays in very attractive 
terms the beginning, the past, and the future o^our planet 
He derives the material t)f our earth and the other bodies of 
the solar system from the impact of a great comet with the sun. 
The earth’s material assumed the form of a spheroid flattened 
at the Poles, and for 2,936 ye^s continued in a molten state. 
This was the first epoch in Buffon’s scheme, and he determined 
• its length of duration by a series of experiments with balls of 
melted iron of different sizes. In the same way he#£letermined 
the duration of the molten state to be 644 years in the case uf 
the moon, 2,127 for Mercury, 1,130 for Mars, 5,140 for Saturn, 
and 9,433 years for Jupiter. The period reqiu'red for tlic earth 
to cool down to its present temperature was calculated by 
Buffon to be at least 74,800 years. 
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To the second epoch (area 35jOoo years) Buffo.n assigns the 
gradual consolidatioti of the material at the .earth’s surhice. 
'.riuf. orciirrcncc of rents in this primitive crust allowed the 
inllux (jf rnoItL^i metallic ores, and was the first cause of surface 
irregularities. At the commencement of the third epocli {ra. 
1^20,000 years), the cooling of the earth proceeded so fin* that 
the atiiiosplieric vapours were precipitated and gave origin to 
the primitive universal ocean. Then began the development of 
life in the warm waters and the accumulation of marine sedi- 
ments. (Iradually the mountains and continents appeared, the 
tapering of the continents towards the south being due to the 
rush of oceanic currents from south to north. The fourth 
l>ericd (or. 5000 years)^^was signalised by a sudden accession 
of the earth’s internal lieat, with the result that violent volcanic 
cruptioiis burst Arrlh, and were accornganied by gigantic 
convulsions of the earth’s crust ^ 

Idle fifth period saw calm restored, but the equatorial regions 
were still so hot as to be uninhabitable. Life flourished over 
large continental regions at the Poles, and the large terrestrial 
animals* elephants, mastodons, the rhinoceros, and others, came 
into existence. As the heat continued to diminish, thg faunas 
and floras gradually migrated southward. 

The sixth period saw the decimation of a continuous 
northern continent into several portions, and many local 
changes in the extent and position of the seas. Man appeared 
and began to struggle with lower creation for the means of 
existence. • ' 

The seventh period is the epoch of Man’s lordship in the 
world, and this will continue until the earth cools to a tempera- 
ture twenty-five times colder than that of the present age, when 
all Creation on the Earth’s surface \till be annihilated. 

Buffon’s merit consists in the bold construction and masterly 
exposition of a theory which for the first time brought the 
historical possibilities of gcolagy to the forefront, PI is calcu- 
lation of the duration of the successive epochs had, it is true, 
no empirical basis. Yet it made sufficiently clear to all readers ^ 
the author^ desire to insist upon long periods of time for the 
slow processes of change in the earth’s configuration, and for 
the appearance of successive forms of plant and animal life. 
Some of the noteworthy advances made by Buffon were the 
diflerentiation which he drew betvv&n the primitive rocks 
formed in the second period, and the sedimentary and volcanic 
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rocks of the next periods; his clear conception that the ok.lcst 
inhabitants of the ocean had become^ extinct and I'cen 
succeeded by younger forms; his allocation of tlic early liorne 
of the large Mammalia in Polar districts; and bis belief, ba’Ael 
upon the distribution of land faunas, llKrt the Uhl and New 
Worlds had once been united as a wide Northern (,. ontinent. 

The weaker features of Puffoirs work are iiis views about the 
origin of mountains and valleys, which :jre far behind those 
of Steno, and appear to have* been taken fur the most part 
from the Te/iiameif, He also neglected to inc«)rjioratc the 
important results attained by Ixhmann, Fiit:hsel, Ardiiinn^ and 
other stratigraphers. At the same time, Buffon was undeniably 
on» of the most gifted exponents of speculative direction 
which characterised the geological writings of the sixtcenllg 
seventeenth, and eighteenth centuries. This period, however, 
contributed ra large amount of useful material towards our 
knowledge of the earth, and its many theoretical failures 
brought men at last to a clearer prccei)tion that tlie m;^terials 
for an accurate history of the earth must be looked for in tlie 
earth itself. But the key had not yet l.)een discovered, to the 
solutiofi of a chronological succession of rock-formaiions ; the 
study of stratigraphy was still in its infancy, and the merest 
beginning had been made in the investigation of deformation 
of the crust and mountain structure. 

Volcanoes and Earthquakes . — The phenomena of volcanoes 
and earthquakes have always attracted a large share of 
attention from geologists, not only in virtue of their majesty 
and splendour, but also because of ^heir destructive effects 
upon human life and property. The philosophers of antiquity 
for the most part associated volcanoes and earthquakes with a 
molten earth-nucleus, or with special subterranean centres of 
emptivity, and the majority of the authors in the sixteentli, 
seventeenth, and eighteenth centuries supported one or other 
of these views. 

Martin Lister had a theory that when sand or other materia! 
with an admixture of sulphur weathered in the atn1^)sphere, the 
sulphur became heated and exploded, causing volcanic erup- 
tions. Lemery, in 1700, put Lister’s theory to experimental 
test; he showed how a mixture of sulphur, iron filings, and 
water imbedded in earth becomes heated, and finally bursts 
open the earthy covering and emits flame and vapour. 
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The submarine eruptions at "Santorin, ,in 1707, were fully 
reported by X'allisnieri and Lazzaro Moro,.but Mount Vesuvius 
was the volrano which proved the chief source of interest 
tbroii^hoiit t!ie*sixtcenthj seventeenth, and eighteenth centuries, 
when it was visitetr by cultured men of all countries during 
tlu:ir travels in Italy. 

The Royal Lil)rarian in Naples, Father della Torre, in 
1755 compiled a complete record of all the active eruptions 
and other phenomena observed at Vesuvius from 79 A.o.to the 
middle of the eighleetUh century. Valuable information about 
Vesuvius, litna, and the surroundings of Naples is contained 
ill the letters addressed by the English ambassador at Naples, 
Sir William Hamilton, the President of the Royal Society in 
London. And the handsome volume, with fifty-ninc coloured 
plates, by the same author still holds it# reputation as one 
of the most trustworthy historical and scientifi<# accounts of 
Mount Vesuvius. 

Tilt progress of travel in the sixteenth, seventeenth, and 
eighteenth centuries gradually added a knowledge of the wide 
distribution of volcanic mountains. Besides the S. European 
volcanoes and IMt. Hecla in Iceland, geographers re(?bgnised 
the active volcanoes of Kamtschatka, of Japan, the Sunda 
Isles, the Philippines, the Canary Isles, the Azores, the West 
Indies, Mexico, and Peru. 

Meantime Giiettard’s discovery of the extinct volcanoes of 
Auvergne gave a new impulse to the mineralogical study of 
the volcanic rocks in that vicinity. 

Nicolas Desmarest, a French Professor, opposed Guettard’s 
erroneous conception ^that the Auvergne basalt pillars had 
crystallised from a watery fluid, and demonstrated the 
resemblance of the Auvergne basalt to certain recent lavas. 
He showed that in the Auvergne district true basalt is 
frequently covered by volcanic ashes or rests upon ashy 
materia], that the transition in the field from basalt to 
true lava is quite gradual, and that the basalt everywhere 
presents the character of a volcanic mass that has been 
originally ^lolten and has afterwards consolidated. Lie 
thought, further, that basaltic rock frequently showed transitions 
to porphyry (trachyte and phonolite), and this again into 
granite, and concluded that all these rocks probably originated 
from a molten state, the granite representing rock solidified 
from a less fluid state of the volcanic magma, and basalt 
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representing rock formed from ' a completely molten magma. 
In spite, of Desmarest’s mistaken views abont the rulalinisship 
,of basalt to porphyry and granite, ■ he ivas the first clear 
exponent of the igneous- origin of thesg rocks. lie was 
besides a pioneer ■■ in ' ■ the comparative method c^f study- 
ing the igneous rocks. Papers confirming Desmaresi in his 
estimate of .the igneous origin ■ of basalt, porphyry, and 
granite were contributed by Raspe in by Pr<)fs>:or 

Ardiiino in Padua, and by Mr. Strange, the Mnglish ron,mi 
in Venice. 

Faujas de Saint-Fond (1742-1819), Professt)!- in tin* 
Museum of Natural History in Paris, brought forward 
contdiisive evidences of the igneous (origin of basalt in his 
famous work entitled, 6 ?/^ the Jlxtinet Vokanth^s tif llzhtrais 
mid Veiay, The^work contains a detailed mineralogiral 
investigation "bf the ejected materia! of active volcanoes, and 
compares them with the rocks present in Mvarais and Wday. 
In the course of his journeys in Southern France he found 
a volcanic tuff identical with the Pozzuolo earth, and 
established the flourishing industry of the preparation of 
cement* Saint-Fond’s descriptions and illustrations of the 
extinct volcanoes in Vivarais and Veiay are excellent, and 
have scarcely been surpassed in later publications. 

The fearful earthquake which destroyed Lisbon in 1755 
made the subject of a large number of scientific int|uiries 
into the causes of earthquakes. William Stukeley’s theory, 
attributing earthquakes to electrical disturbances, gained a 
certain amount of support abroad. Ai'^ther Englishman, Mr. 
Michell, suggested that the sudden expansion cof vapours 
enclosed in fissures and cavities of the earth’s crust caused 
earthquakes and volcanoes, the upheaval of mountain-systems, 
and the deformation of the rocks. 


Third Period— The Heroic Age of Geot.ogv, 

FROM 1790 TO 1820. 

■■ . 

The characteristic features of this age, and that which gave 
it a rejuvenating significance in the development of geology, 
was the determined spirit that prevailed to discoinUenatice 
speculation, and to seek untiringly in the field and in ihc 
laboratories after new observations, new truths. 
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Interest was clirccled, in the first place, towards the in- 
vestijj:alion and dtsscription of the accessible parts of the 
earth’s crust. The ^composition and arrangement of the strata 
%Yere studied ^\1th enthusiasm. The bolder inquirers ventured 
into wild recesses *of niountain-chains and climbed snowy 
peaks, wliose difliculties had hitherto been thought insur- 
mountahle ; travellers explored the uninhabited plains of 
Siluain, the remolo* niountain^^anges of Asia and America, 
and brought home with them new scientific material and 
observations of the highest importance for comparative re- 
search. 

Tire illustrious Professor of Mineralogy at Freiberg, Abraham 
Clottlob ^^'erncr, exercised an unrivalled authority amongst%he 
followers of the strict descriptive method in natural history. 
By tiie skill and eloquence of his teaching far more than by 
his books and writings, Werner inspired in his Scholars and 
adherents a devotion towards exact methods of study. The 
public* lectures given by Werner systematised for the first 
time ih^ subject-matter that should properly come within the 
domain of that rapidly growing branch of science for which he 
originally suggested the name ‘^Science of Mountain?/' but 
afterwards called Cleognosy.” Werner included in his system 
of geognosy the mineraiogical identification of the rocks, also 
the minerals present in them, and their special places of occur- 
rence, the determination of the stratigraphical position of the 
rocks, their thickness, and mutual relationships, as well as the 
conditions under which they took origin. 

Under the term ‘\g<^logy,” suggested by De Luc, Werner 
would only i^cognise theoretical speculations about the origin 
and history of the earth. Great though the advantages of 
Werner’s method were, it was not without its weaknesses. 
The chronological succession of the individual members of a 
formation was not determined with sufficient precision, the 
fossils were scarcely used in ^determining the age of a rock 
stratum, and the history of organic creation was not even 
recognised as a subject of investigation in geognosy. 

In this respect the great pioneer was the English engineer, 
William Smith. He was the first to make known on incon- 
testable evidence that the stratified rocks of England could be 
most securely identified and arranged in chronological order 
according to their organic contents. Smith's method of deter- 
mining the age of rock-strata from the organic remains found 
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in them , provided an inestimable complement io Werner's 
system, since the latter rested in the main upon 
distinctions. William Smith has received the merited appella- 
tion .of father of historical geology.” Two Fitnch sihentists, 
Alexandre Brongniart and Cuvier, attained similar results, 
independently of William Smith, from their cxaniinatiun uf 
the fossils in the rocks of the Paris basin. 

Thus the knowledge and comj[>arative iii^'estigatinn of fossil 
faunas and floras came to be recognised as a leading feature 
in the study of roek-fonnations. Rapid studies were made in 
the new direction of research by Cuvier, Brongniart, Inmarrk, 
Schlotheim, Sowerby, and others. The name of Palaeontology 
waa^ given to the special department^ of zoologi<'al and geo- 
logical science that treated of extinct organic forms. 

During this peri(fd (i78o"i82o), while advances were being 
made in enifjirical methods of study, the thecuelical aspect 
of geology remained for the most part on the old lines. 

The theories of the universe presented I)y Do Luc ami I)e 
la M^therie are largely imaginative. Cuviers Cala^trophal 
Theory still betrays the dominating influences of the older 
literatufe. Werner’s hypotheses about the origin and de- 
velopment of the earth scarcely rise above the ideas ciirreirt 
in the seventeenth and eighteenth centuries. Indeed, the 
erroneous views held by Werner with regard to the origin of 
basalt and of volcanoes, together with the one-sided character 
of his Neptunistic doctrines, appreciably retarded the progress 
of geology. 

The opponents of the Neptunistic doctrines were the 
Plutonists and Volcanists, who nunioered in J:heir ranks 
many observers of world-wide repute — e.g.^ Hutton, Dolooiicu, 
Von Humboldt, Von Buch, Breislak, Yet the early Plutonists 
had no great array of facts before them, and their teaching was 
necessarily inadequate for purposes of generalisation. 

On the whole, however, the* close of the eighteenth and 
beginning of the nineteenth century was a period made 
"" memorable in geology by the pioneer labours of a brilliant 
phalanx of scientific men — Werner, Saussure, 1 1 um!)okir, 
Hutton, W. Smith, Cuvier, Brongniart, and others. I'heir 
works and teaching stirred new activity and interest in this 
branch of research in the mining-schools of luirope, and 
numerous adherents gathered round the intellectual herc>cs 
of the age. Students w^'cre attracted by the freshness of the 
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mineralogical and geognostic discipline, as it now came to be 
enunciated in professorial courses of lectures, and aho?e all 
by enthusiasm for | science which had largely to be pursued 
out-of-doors, afid therefore offered wide scope for the physical 
as well as the mental energies of youth. 

Following the guidance of their great leaders, a numerous 
band of Workers, by their unabated zeal in collecting and 
identifying fossils rmd rock-SReciniens, no less than by un- 
remitted observations in the field, established the young 
science of geology upon a platform of equality with other 
spheres of scientific knowledge.^ 


Pallas and De Saussure . — Pallas and De Saussiire are two 
of the few scientific men of the latter haW of the eighteenth 
century who endeavoured to explain the surface •conformation 
of the earth upon principles of stratigraphy and structure. 
Peter ^imon Pallas, born in Berlin in 1741, came of a highly 

^ The cinef seats of mineraIo;;ical and geognostic teaching at this time 
were the mining-schouls; that r>f Freiberg was funnded in 1765, Sojucmnit?:, 
1770, St. Petersburg, 17S3, and Paris, 1790. Geology was also associated, 
at least in Germany, with the literature of mining and mineralogy. \"oigt 
puldished a magazine on mineralogy and mining interests (Weimar, 17S9- 
91). A number of important papers on geology, mineralogy, and mining 
are contained in C. Ik von ^IdU’s Jahrbik'her tier Bergumi BuUenhmde 
(Salzlnirg, 1797-1S01), a scries which continued to he published until 1S62. 
K. C. Leonhard's { Taschenbuck) for Mineralogy was founded 

in 1S07, and soon took the first rank among the German journals, which 
it has continued to retain to the present day, its title having been changed 
in 1830 to Jahrbtich fiir^Iineralogie^ Geologie^ und Petrefakienkiinde 
{PaImontok)gy)%s Ballenstedt’s Arc/m; fiir die neitesten Entdeckungen 
in der .Unvelt (Quedlinburg and Leipzig, 1S09-24, 6 vols.) were 
chiefly devoted to the occurrence of human remains, diluvial animals, and 
other fossils, likewise to questions of a theoretical nature. In France, the 
Journal des Mines (Paris, 1795*1815) corresponds to these German publica- 
tions. F'rom the year 1S16, this magazine received the title Annales des 
Mmes, which it still bears. The /ournal de Physigue^ published by Rc^zier 
■ and De la IVI etherie, contains a number of theoretical papers by De Luc 
and De la Metherie, and also important petrographical communications by 
. Dolomieu, C«rdier, and others. In England, the Geological Society of 
London was founded in 1807, and geological and paloeontological papers 
were afterwards published in. the Trdnsaclions^ later in the Proceedings 
and Quarterly Journal of this Society; previously contributions in these 
branches of science had been published chiefly in the Transactions of 
the Royal Societies of London and Edinburgh. In the other European 
States, scientilic Societies and Academies were zealous in the publication 
of special papers on geological and palaeontological subjects. 
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gifted family. His flither was professor of surgery, liis mother 
belonged to the French colony in Herlio, •His inborn l.ileni 
for languages developed early ; while still at ^rlior'ib he 
mastered French, I^lnglish, and Latin in acfditii^ to his native 
tongue. He studied medicine and natiira*! sdenre at ilerlin, 
Halle, Gottingen, and I.eydon, and after a visit to Ihiglaiid, 
settled at the Hague in 176.^1 to dt/vote himself exclusna ly to 
science. I’he turning-point in Jiis career an invitation lo 
fill the chair of Natural History in the Imperial Aradmny of 
St. Petersburg, and the further recfiiest that he should 
undertake the leadership of an expedition to Siberia, |ilanned 
by Empress Catherine 1 1 . 

Mias spent six years of great •|U‘i vat ion (17^8*7.1) in 
Eastern Russia and Siberia, exploring the plains, rivm's, rind 
lakes, with a view loth to their geography and their faunas 
and floras, a#t! he also examined g(‘Ograp!ncally the Ural and 
Altai mountains. 

Partly during the expedition and partly afterwards, 
published a three-volume work containing an ac<‘ount of his 
travels and observations. Few explorers have contrilmtis! 
such rf vast wealth of geographical, geological, hotanimb 
zoological, and ethnographical observations as Pallas has <lone 
in this justly famous work. 

In 1793 Pallas commenced a journey of two years’ duration 
in Southern Russia and the Crimea. He liked the province 
of Taurida so well that he afterwards took up residenc'e there 
upon an estate presented to him by Empress Catherine. He 
continued bis scientific researches for several years, until, 
failing in health and saddened by tife loss of Jiis wife, he 
returned to his native city in 1810, and died in Berlin 
in 1811. 

Pallas occupied a high position in the scientific world. 
He achieved his successes mainly in zoological and geograph- 
ical research, but he also contributed much to the |)rogre$s of 
geology. His geological views are contained in a treatise 
^ published by the St. Petersburg Academy, Cmshiera/fim c,/' 
fAe Stritclure of Mountain- Chains (1777), and in ftie J'/nsicai 
and Topographical Sketches of Taurida (1794). 

John Michell had in 1760 published in the Thihmfhim/ 
Transactions a series of observations on earthciuakes and 
mountain-structure. This paper was accompanied by an ideal 
section through a mountain-system, showing a central core 
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composed of the crystalline massive rocks, on either side a 
succession of upttlted and upheaved strata covered in their 
turn by younger, slightly tilted, or horizontal deposits 
composing tfie neighbouring plains. Michell, however, did 
not draw any general conclusions. Pallas was enabled from 
his wide experience to fill in the details of MichelFs skeleton 
plan of a mountain-system. 

According to Pallas, granite forms the core of all great 
mountain-systems. It is covered by unfossiiiferous schistose 
rocks of various kinds, serpentine, porphyry, etc. These rest 
against the granite in highly-tilted or vertical positions, and 
are themselves succeej[ed by argillaceous schists and shales, 
and by thick masses of limestone containing marine fossils. 
The shales and limestones have highly-tilted positions where 
they occur in the inner parts of a mountaji-system, but 
become less tilted and horizontal in the outer portions, the 
number and variety of the fossils at the same time increasing. 
The Tow hills and plains are composed either of sandstone, marls, 
and red clay with stems of trees and twigs of land plants, or 
of loose material, with the bones of large land njjimmals. 
Pallas examined the mammalian remains with great care. 
He proved the astonishing frequency in the occurrence of 
mammoth, rhinoceros, and bison in the Siberian plains, and 
descril)ed a rhinoceros corpse with hide and hair complete, 
imbedded in the sand and pebbles on the bank of the Willui 
river. He also stated that great accumulations of sand 
and sulphur occur in the schistose zone of rocks, and that 
the decomposition of Jhose materials gives origin to volcanic 
disturbancQ?, which however affect only the rocks above the 
schistose zone and the granite. 

The primeval ocean of the globe, in his opinion, never stood 
more than loo fathoms above the present sea-level, so that 
the granite core of the mountain-chains could not have been 
covered by it All mountain-ranges composed of schists, lime- 
stone, and younger formations, or, as Pallas called them, the^ 
mountain%of the second and third order, owed their upheaval 
to volcanic force. The schist mountains had originated before 
the creation of living creatures; then the limestone ranges 
rose above the primeval ocean, and some of these, such as the 
Alps, in relatively recent periods. The mountains of the third 
order were due to the last volcanic eruptions. The upheaval 
of mountain-chains was always accompanied by violent ground- 
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tremors .and by other disturbances of the earth’s siirfac’c. 
Great cavities . formed in the earth's crust and with 

sea-water; or, sometimes, portions of the rrnjtiiicnts m’crr* 
devastated by floods. In illustration of this, Pallas said that 
at the outbreak of volcanic action in the Indian (hx-an and 
South Seas, seas seem ta mapy a ptfstiitni akre 

one common tmkank anP the waters of the Pa|uatar were 
forced towards the Poles, and carried norfhward fri)ni India 
the plants and animals that now lie buried in the loose gravels 
of the Siberian plains. This was tlie explanation he gave 
of the occurrence in such remarkable numl.)er of !>ones rif 
maiijmoths, rhinoceroses, and buffalocsjn Siberia. 

Although this explanation and many of his opiin’ons 
about volcanoes g.were erroneous, there can he no 
doubt that ^pillas was an accurate observer, and that his 
broadly conceived delineation of the surface conformation, 
general sculpture, and physical characters of a huge and 
hitherto untravelled territory, conferred an inestimable 1.>ODn 
on the struggling natural sciences. The works of Pallas have 
been tht basis of all later geological investigations in eastern 
and southern Russia, in the Ural and Altai mountains, and in 
Siberia. 

A life-long student of the French-Swiss Alps, Horace 
Benedicte de Saussure must always be given the place of 
honour amongst the early founders of the science of the 
mountains. Born in Geneva in 1740, the scion of a noble 
and rich patrician family which had already won high 
scientific repute in the previous centiry, De Saussure en- 
joyed in his early years and education every advantage of 
wealth, culture, and influence. As a boy he rambled in 
the country around Geneva, diligently collecting plants and 
minerals. But the mountains near Geneva failed to 
satisfy the enterprise of the youthful student At the age 
of twenty he made his first walking tour to Chamonix, and 
^from that time resolved to devote his life to the study of the 
Western Alps. Two years later he was appointed Ikofessor of 
Philosophy at the Academy of Geneva. 

In 1787, at the head of a well-equipped party, he carried out 
the first ascent of Mont Blanc. In the following year he 
spent eighteen days in the Co! du Geant, at a height of over 
10,000 feet; and between 1789 and 1792, he climbed the 
summits of Monte Rosa, the Breithorn and Rotlihorn. In 
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1^/94 a stroke of paralysis put an end to his mountaineering 
activityj and in i|99 he died. 

Saussure’s gloiYing descriptions of the Alpine world removed 
the prejudice^gainst the ** Montagnes Maudits,” and awakened 
a feeling of enthusiasm for the infinite wonderland of beauty 
and delight in the higher altitudes of the Alps. Apart from 
his achievements in science, De Saussure may be regarded as 
the pioneer of a practically n^w cult in human enjoyment, the 
love of mountain -climbing. 

His great work, Voyage dans ks A/pes, is a model of clear 
language, exact observation, absence of bias, and cautious 
reserve in forming general conclusions. His style is simple, 
concise, without rhetorical efforts, yet by no means devc«d of 
elegance* At the outset De Saussure laid down the priticiple 
that we need not expect to advance od^r knowledge of the 
earth^s past by a study of flat plains ; that onb’^^by solving the 
problems presented to our view in mountain-systems can we 
hope to gain insight into the series of biological and geological 
events jn the history of our world. His chief concern was to 
observe accurately ; he placed little importance on theoretical 
speculations, • 

The descriptions of his journeys start with the environment 
of Geneva, — -with Mont Saleve, the Rhone Valley, and the 
south-west Jura, — continue into the Dauphine, across the 
Tarentaise and Maurienne group, the Mont Cenis Massive, 
the Ligurian z\lps, and embrace the Provence and the Rhone 
Valley. The district examined in greatest scientific detail was 
that of Mont Blanc and the Valais group; but he also travelled 
through th^ St. Bernard group, the Berne and Gotthard Alps, 
and the neighbourhood of Lake Lucerne. Everywhere he 
observed and noted the local varieties of rock and the 
occurrences of minerals and fossils. He also entered the 
strike and dip of the strata upon topographical maps, although 
he made no attempt at geological maps and sections. 

In his views on mountains tructure, De Saussure followed 
Pallas. He showed that in the Western Alps, as in the UraF 
mountains, a central core of granite, gneiss, and other primitive 
rocks, was succeeded by stratified but unfossiliferous shales 
and schists of different kinds. The schistose rocks were most 
steeply tilted in the Central Alps, where they came into 
proximity with the primitive rocks, while towards the outer 
Alps the secondary rocks (limestone, sandstone, conglomerates) 
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followed in less tilted positions. More strikin- than this st he.nc 
of Alpine structure is De Saussurc's adniintlile (k'seription of 
the fon-sbaped ^arrangement of the schists ip the Ceiiinil Aln^ 
of western bwitoland. and his proof tlna thc^ Innuitu, S 
valleys and the chains of sccondiry rock follow tlutslrik' ..f 
tne strata and the continuation of the main ridec, reniainin ' 
paiallel with the leading or central chain. .Satissnrc further nvt 
forth the asymmetry of form presented by the Western Mils ' in 

mo ot the Alps, and their abrupt descent on the Italian side 
Ho examined the mineral composition of the rocks, and the 
rock^’^ position of the different kincLs of 

nfo5r.l topographic^ii, meteorological and 

he S S A permanent atUlition i,! 

mhfc V ^ I opmal geography was made by his heiuht nieasurc- 

his determfoatiOTsTr?^ olectrica! atmospheric disturbances. 

s»d°sf“"’ "“'it"'!"" o'f pi™.; at diSS; 

s s the srT “f” 
nb«« X”y « a'aWo.!'';, 

^o-’r 'rlsyt!; *f ”, 

inthrows of the crust had ttke^^ollrc'^^ pought gigantic 
ocean rushing into the crust 

and scattered large masses ofrock ^’'"'Smented, torn away, 
With our present intimate knowiedge of glaciation, it seems 
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spas?Hsps 

iLmeous’k^^erf)?”^' the origin of gtanite^ schists, and 
fenMi rr followed Neptunistic doctrines 

iPSSisii§ 

fro2 die.? hc^^ of loaT “'Sh' setm tha^ 

lui lack or broad generalisations they had failpr! trx 

ST hdr'hithful Ohs''' T" of Alpine geobgy. 

of rcSiTTfor aT b°oks 

Q,„V' , , l?eo!ogists to the present dav TV 

. •■. “Si’Ure s love of truth and his passion for nature combined 
mth the extreme modesty of his attitude tow^ds ke TS 

annals Tf A^TTgedogy”’'''^'' personality in the 

onergy, insatiable in his desire to accom- 
thliTl’ at the conclusion of his life’s labours writes 

that he has found nothing constant in the Alps except their 

“ '““"S -f ha sy .he . 

tutilit> of all his efforts to wrest the eternal truths of nahirp 
from the majestic peaks of his native land/ TSn it wTs hS 
he wrote lus charming book of Insiructhns to Youn^ Gei>/^S ' 

STTITT iT f?vT’ “T'™ their^mtSC 

inX it the r IhJ e'''- Opinion or another, to 

aSl de ai l o nm deliberation 

and detail, to omit nothing as unimportant, and at the same 

SirshinTtlW ofTll tds in 

establishing the fundamental principles of the science 
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A- G. Werner and hh School, LeoNihi V,>n Ihnh ■Itevani,-. 

wn BimMdl.—hhxzh^m. Gottlob Werner, j-n,tjss»r 'in 'ihe 
School of Mines at Ireiberg, was tlie most.reiiHw ned e.-.M.nist 
and mineralogist of his day. I,orn f. ii.-h,,; \\Vincr rom. 
billed quickness of obscrvatiuii and a nimvellntis nieniorv with 
the capacity to marshal all the diets that ra.nr under his » in 
into natural systematic order, and to reprodu.-e tiiem r s , 

lucid language at once striking and eonvimuim tohishemr’ 

His first original work, On the E.xternal CkMcn of /S' 
gaced him at once ,n the front rank of living miuml, . S’ 

His fame rose still higher wheii he began in lySo to SS i 
course of lectures on the science of rock-fonnatioiis or as he 
calRd it, Geognosy.” He derived the fiind.inicntal cimccn- 
tions in his teaching of the formations fiuni the adinirihle 
systema ic ayangeSienl introduced by the .Swedisl ii ' 
ogist Toberfi Bergman. Werners cL-itim, of s 7^ 
rock-formations into an indejieiident acadeniiral dis.-i,, nc was 
far-reaching in its effects. 'I’hoiieht.s tint Ind 1,7 ' f f 
shaping themselves in the minds of a few sdent h tl 
important contributions to knowledge which Ind eei oir'i 
up, except for the very learned, in the Trans t ions o^ 

and mastered by WVrm-r S 
taught by him inth such precision and enli'ditennieiit thit 
Ireiberg became in a few years the Furon.n, inH r ‘ 

study of mineralogy and geogi^os^ lodestar for the 

his 

in touch as he was iHth all ll every year. Kept 

by the floating body of studentf wt 

(according to Frischi'^’i7^o),”a't Wehrau''"in°S i;.[g 

family which had been actively engaged in the’^niin'i *'• a 

hundred years. His father, wL wis OTcrseer nf . r “ 
iron work, taught him in his boyhood m 777 '•'“‘’“'I' f >r hammered 

minerals, and after a short period of 70^.1^777777 "I' ' 1 *^ i^nown 

• returned to take part in the same fo7m7lry w ’7?, !" 
eighteen he visited Freiberg in the courctp nf n i r age (t| 

of the collections and mining-schools “here 7m77l'‘-“7 
desire to take up the study of minerals and mi77^7777" 
at Preiberg and I,eipzig, and in 1774 published Vk 

SSI'; 
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■Werner knew tiic best of the new work that was being done 
elsewhere. From nil parts of Europe students came, and, 
when they returned to their own countries, they spread the 
teacliing of gec?gnosy and mineralogy as Werner had taught it 
to them. It was the S|)oken word of Werner that carried. Of 
written words no man of genius could have been more chary. 
His dislike of writing increased as he grew older, till he 
could scarcely luing himself ig reply to the most important 
letters. Cuvier relates that the letter which announced to 
Werner that he liad been elected a Foreign Mernbei of the 
French Academy was left unopened by the Professor and was 
never anssvered. 

With thee.xi'cption number of mineralogical papers, ^nd 
a short classification and description of the different rock- 
formations, Werner |mbli.shed only a singk^vork on the origin 
of dykes, and a series of very short articles 01# basalt, trap- 
rock, and the origin of volcanoes. He never published his 
acadt^ncal courses of lectures; for an account of these we 
have to turn to notes published by his students, sometimes in 
abridged and sometimes in extended form. Werner had, how- 
ever, more than once to disown these published notes, %s they 
failed to represent the true sense of his lectures. 

The most trustworthy reports of Werner's “ geognosy ” are 
probably tiiose written by Franz Ambros Reuss in the third 
part of his text-book {Leipzig, 1801-3); t>y D’Aubisson de 
Voisins in his Trai/e de (Strasburg and Paris, 1819); 

and by Jameson in the Elements of Geognosy (Edinburgh, 1808). 
Werner himself published only one lecture — ^'Introductory to 
Geognosy ^^-^-deliverecFat Dresden. 

Werner defined "Geognosy'^ as the "Science which inquires 
into the constitution of the terrestrial body, the disposition of 
fossils {Le, minerals, cf. p. 15) in the different rock layers, and 
the correlation of the minerals one to another.” In his 
lectures, he began with a short epitome of mathematical and 
physical geography, and with a discussion of the natural 
agencies, which alter the conformation of the globe. < 

Proceeding to the consideration of the earth’s crust, Werner 
described all the varieties of rock and entered in detail into 
their structure, their position, their chronological succession, 
and their tcdinical value as rich or poof metalliferous layers. 
Certain varieties of rock (shale, limestone, trap-rock, porphyry, 
coal, talc, and gypsum) were thought by Werner to have been 
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recurrent groups in the rock-successioiij and he treated them 
as suites ’’ or series, cliaracteristic of cadi .successive cfKK'h 
in the earth’s history. Largely fullowiii^g the luxH'cdent of 
Bergman, who had distinguished four principal rt}ck>formations, 
Werner erected five so-called formation-suites in his ciirono. 
logical scheme of the rocks: — 

5. Voicank rocks^ sub-divided into true volc'.anic (lava, 
volcanic scorix and ash^s, pcpperl^o, tuff) and pseudo- 
volcanic rocks (burnt clay, jasper, polislung-stonc, slag), 

4. The imnsj^orkd &r dmvaiim rocks with the formations 
nagclflue, sand, clay, pebbles, calcareous tufa, bitu- 
minous wood, soapstone, aluminous earth, etc. 

The Flotz racks with the formations ok! sandsUme, coal, 
old Flotz limestone, the ore-bearing or /cchsUmd’ 
rocks, bituiffinous lignite, kluschelkalk, freesUmc and 
chalk, •basalt, pitch- coal, brown-coal, etc. 

2. The transitional rocks with the formations clay-slate, 
crystalline schist, greywacke, transitional greeiftlonc, 
gypsum and the first organic remains. 

I. The primitive rocks with the formations granite, gneiss, 
ftiica schist, slate, primitive greenstone and limestone, 
quartzite, hornblende schist, porphyry, serpentine, 
chlorite and talc schist, primitive gypsum, etc. No 
organic fossil remains. 

According to Werner, the primitive rocks originated during 
the first chaotic period of the earth before the existence of 
organic creatures, by chemical crystallisation of rock- material 
from an aqueous solution. In the trans^onal period, the slates 
and shales were held to represent chemical precipitates; the 
greywackes to have been mechanical deposits. During the 
accumulation of the FWtz series, periods of disturbance 
alternated with periods of quiet deposition ; the waters 
frequently receded from land areas, and again inundated the 
young continents. These varying conditions continued during 
the succeeding epoch of active transportation, and finally gave 
•place to an epoch of violent volcanic outbreaks, the immediate 
cause of which Werner believed to be the ignition of deposits 
of coal in the earth’s crust. 

Werner s practical knowledge of mining methods served him 
in good stead when he came to study the strike and dip am! 
relative position of the rocks from a scientific point of view. 
His application of more exact methods in taking field observa- 
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tioris, and his inlrodiiclioji of a number of new and precise 
terms for slratigraplMcal purposes, marked an advance in the 
study of the eartifs crust scarcely less important than his 
masterly cla.ssiilSation of the rocks according to their mineral ■ 
conslituliom 

Unfortunateh', Werner's Held observations were limited to a 
small district, the Erz mountains and the neighbouring parts 
of Saxony and llohcgnia. Anc^ his chronological scheme of 
formations was founded upon the mode of occuirence of the 
rocks within these narrow confines, To him in that rich 
mining district the minerals seemed alhimportant, and the- 
occurrence of organic remains fell into insignificance. Again, 
he held strong conviclioi^s that the ores present in veins a»cl 
layers had separated out from supersaturated aqueous solutions 
of the metals, and he sought to explain in% similar way the 
origin of the massive granitic and schistose kiifds of rock. 
The Wernerian doctrine was all the more attractive as it 
seeme<tso simple, it taught that all the rocks of the crust, 
like the earth's body itself, had taken origin from acjiieous 
solutions, eitiier as chemical or as mechanical precipitates, 
while volcanic lavas and scorite represented rock-materi?d that 
had been so precipitated but had subsequently been melted 
and ejected. 

Werner was ef,|ually narrow in his ideas about the strati- 
graphical relationships of the rocks. As a fundamental 
principle he held that all varieties of rock had been deposited 
in the same horizontal or tilted positions as they now occupy. 
But strata inclined at an angle of more than 30** owed their 
high inclinati#n to locai disturbances, such as the collapse of 
crushcavities, landslips, etc*. These local inthrows and slips 
exerted little iniluenee upon the connection of the strata as a 
wliole ; rattier, the successive deposits enveloped the earth 
with the uniformity of the integuments of an onion. 

"Werner gave little credence to the opinions of Pallas and 
Saussiire regarding the elevation of wide continental territories 
and tile upheaval of mountain-chains. Like l)e Maillet and ^ 
Buffon, he ascribed the inequalities of surface conformation 
exclusively to the erosive agency of water, more especially to 
the strong currents created during the retreat of sea-water after 
its periodic inundations of the land. 

Similarly, with regaid to the origin of basalt, he came into 
conflict with the results obtained by the leading authoriues on 
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volcanic rocks in^his time— Desmarest, Kaspe, Artluino and 
laujas de Saint-Fond. Werner had m .ilrJ i , 

among the rocks of highest a^i^tv' s S" Tf' 
movx^d It to the Flot. formation.^ In i jSSrS; ? visit t 
the Scheibenberg, a basaltic summit in t'he Fr/. mount-um- h,. 


quite mdual ‘7'“ “l’«'ara succession is 

lu.ie gradual Fven the greywacke merges gradually into the 

.t and the basalt above, 'rherc^rc t! J halaU ^ 


cdied” “aSd'sIid ttat'thTsch‘il’“l“* ‘'l'* T 
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So strong was the personal influence of Werner, that tlie 
Neptunian dodrines wliieh he inculcated continued to hold 
their [jlace for severrd decades— until, in fact, throe of the 
greatest of hi% scholars, D’Aiibisson de\ Voisins, Leopold 
von lUiri'i, and Alexander von Humboldt, stepped into the 
ranks of the o])pononls of Neptiinism. 

I.copold von iJuch w*as the most illustrious of the geologists 
taught by Werner. •The later yritings of Leopold von Ikich, 
published between 1820 and i860, are those on which his 
fame chiefly rests; but from the year 1796 he was actively 
engaged in travel and research, and his earlier writings con* 
trihiited in a great degree to establish the science of geol<^gy. 

Leopold von lluch wa? born on tlie 26th April 1774, at iiie 
Castle of Stolpc in Pomerania, the son of a nobleman with 
consideralde property. IVhile still a boy he #isplayed a passion- 
ate love of scientific inquiry, and his fondness ^br chemical 
and physical mincralogical studies led him to select the Mining 
Acad^^ly of Freiberg for his collegiate course. Wliile there, 
Alexander von Humboldt and Freiesleben were among his fellow- 
students, and with them he formed close ties of friendship. 
He made his home for nearly three years (1790-9;^ with 
Professor Werner, for whom he entertained the deepest senti- 
ments of reverence and friendship; and these were in no 
way altered when, in after years, .some of his opinions began 
to diverge from the teaching of Werner. 

Von Buch made several excursions during his student days 
intd the Erz mountains and Bohemia, and published a paper 
on the neighbourhood of Karlsbad. From 1793 to 1796 he 
studied in Halle and Gbttingen, and became acquainted with 
Harz, Thuringia, and the Fichtel mountains. In 1796 he 
accepted office in the Mining Department of Silesia, but 
resigned in 1797, in order to devote his entire time and energy 
to travel and research. His stay in Silesia resulted in the 
publication of an important treatise on the mineralogy of the 
neighbourhood of Landeck, and an attempt at a geognostic 
description of Silesia. He spent the winter of 1797 in Salzburg, 
together with his friend Alexander von Humboldt, and in the 
following spring set out on his first journey tiirough the Alps 
to Italy. He visited the Euganean Isles and the district of 
Vicenza, and stayed for some time at Home, making frequent 
excursions into the Albanian mountains. He then spent 
five months at Naples, and devoted a large part of his time 
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to Vesuvius. Although during' -these travels he to 

entertain serious 'doubts about the cornxtness of W't-roer's 
theory of the origin of -basa'lb be eoiild not oonvinrc hnnself 
that it was untenable. ^ 

After a visit to Paris, Von Buch returned to Befliii in 179^1, 
and was there cominissioned to Investigate the orniri'en^x* of 
nrineral contents in Canton Neuchatel, which at that lime was 
under Prussian 'government. ^ Neuchateh from which ready 
access was afforded into the Jura mountain.s aiu! into the Alps, 
now became his headquarters. Every ol'i.servaiion was rariv 
fully entered in his' maps,', and a number of scicniiOc papers 
flowed from his ready and graceful pen. 

^ visit to Auvergne in 1802, and X study of the basalt and 
trachyte in that area, still further shattered Voti BuclTs faith in 
Neptunian doctrii1%s. In 1805 he was again at Naples, and ist 
the compan^f of Alexander von Mumboldt and (lay Imnsac he 
had the good fortune to witness Vesuvius in active eruption. 

Having explored the most interesting parts in Sefuthern 
Europe, Von Buch then travelled for two years, iSob-S, in 
Scandinavia and Lapland. The publislied account of his 
travelsf Through Nonvay and Lafiand^ established his faine 
as a gifted writer and an acute observer. Little had hitherto 
been known about the climatology and geology of these high 
, European latitudes, and Von Buch contributed data of far- 
A reaching significance. For example, he pointed out tliat 
although the rocks in these regions follow the same general 
scheme of succession as Werner had drawn up, the granite 
could by no means be regarded as th^oklest rock-formation, 
since he had observed it near Christiania in a |iosition above 
the Transitional Limestone. Again, he shelved on mineral- 
ogical evidence that many of the erratic blocks scattered over 
the North German plains must have come from Scandinavia. 

Von Buch also examined the raised beaches and terraces of 
Scandinavia, and came to the conclusion that the Swedish 
coast was slowly rising above the level of the sea. In this he 
• agreed with the opinion that had been formed by Playfair with 
regard to the raised beaches of Scotland. On the other hand, 
Linnseus and Celsius had attributed the fluctuations on the 
Scandinavian coasts to a sinking of the water-level round the 
shores. 

In 1809 Von Buch was chiefly engaged in mineralogical 
and geological researches in the Alps. .Meanwhile, goral 
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interest had been roused throughout Europe by the results of 
Von Humboldt’s brilliant volcanic studies in Central and 
South America, and V'on Biich determined to make a special 
study of some tolca^ic district 

Accompanied by Ihe Ihiglish botanist, Charles Smith, he 
visited the Canary Isles, and in 1815 convinced himself that 
they had been the centre of intense volcanic activity. In his 
famous monograph,^ A I^//ysurai DescripHon of the Canary 
Jslands^ published in 1825, he enunciated his hypothesis of 
upheaval craters, and distinguished between, ‘‘centres” and 
“ bands ” of volcanic action. In 1817 he travelled to Scotland 
and visited vStaffa and the Giant’s Causeway. When he again 
returned to the Alps, he®i*enounced the Wernerian doctrine;^of 
the origin of ixisalt and other volcanic rocks, and ascribed the 
upheaval of tlic Alps to tire intrusion of ignitms rocks. About 
this time he went to Imssa Valley in South Tyrol, tind there he 
formed a curious volcanic theory in explanation of the dolo- 
mitisaiion of the rocks in that district. 

In I. S3 2 Von Biich edited a geological map of Germany, and 
this magnificent work had already run through five editions in 
1S43, The last twenty years of his life were for the m«st part 
devoted to palreontological studies, and we owe to this period 
a valualjle series of papers on Cephalopods, Brachiopocls, 
and Cystoidsj also a comprehensive treatise on the Jurassic 
formation in Germany, which has been the basis for all 
future work on this sul^ject. Some part of every year, 
however, was spent by Von Buch in travelling. He often 
went to the Alps, and he regularly attended the Scientific 
Congresses. ^ IMost of’^iis Alpine journeys were accomplished 
on foot. Clad in short breeches, black stockings, and buckled 
shoes, the pockets of his black coat stuffed with note-books, 
maps, and geological tools, his tall, imposing figure was bound 
to command attention. His travelling luggage was limited to 
a fresh shirt and a pair of silk stockings. His physical en- 
durance was only surpassed by his iron determination, which 
could overcome all difficulties and discomforts. Socially, he 
was everywhere beloved ; his aristocratic bearing, his mastery 
of foreign languages, his wide knowledge of science and 
literature,-— all combined to make him one of the most agree- 
able companions. His independent means placed him in a 
position of imiisual influence. On the one side he enjoyed 
the friendship and intimacy of his scientific colleagues, and on 
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the other he moved in the first social circle in Gcrlin. .Mr^n 
still live who can bear enthusiastic persoixil testiiuus>y in tir- 
noble way in which Von Buch exerted this intlimnce for tiv 
benefit of science. After a short illness, fic diLd in Berlin un 
the 4th Alarch, 1852. 

Leopold von Buch was rightly regank^d as the. greatest 
geologist of his time. Me had studied in every doricdn 
geology; he was familiar with a large {>ai% of luirope, Wlier- 
ever he went, he willingly and freely communicated his own 
knowdedge to others, and ever rejoiced to be able to assist by 
his money or his influence any one in wliom he deUaied a 
true devotion to science. At the same time lie hm! linlc 
pa*icncc wdth men of mediocre abilily, and was very severr 
towards importunity of any kind. Mis ridicule was fearini as 
much as his prais§was valued. He was an acuh,* thinker and 
wonderful c^server, and possessi;d in a high tlegree the rare 
gift of clear and elegant exposition. 

A complete edition of his works was published his 
death at iWlin (186 7-7 7). 

Alexander von Humboldt, the friend and fellow-student of 
Von Blich, although less illustrious as a geologist, had a more 
versatile and philosophical turn of mind. Like Von Buch, 
Humboldt belonged to an old aristocratic family, lie was 
born in Berlin in 1 769, studied at first in Gottingen, afterwards 
in 1791-92 with Werner at Freiberg. On the completion of 
his studies he was made Director of IMines, and moved from 
Bayreuth and Ansbach to Steben in the Fichtel mountains. 
Several papers written by him during this period on **Tho 
Magnetic Properties of Serpentine and other Rocis,” attracted 
the attention of mineralogists. In 1793 he visited the salt 
mines in the Salzkammergut and Galicia, bat in 1796 he 
resigned his Government appointment, to follow out inde- 
pendent lines of research. During the winter of 1797-9S, when 
he and Von Buch lived together in Salzburg, he made a series 
of observations on meteorology and earth magnetism, and 
• took barometric and trigonometric measurements of height 

In a treatise published in 1799, Von Humboldt endeavoured 
to explain the tropical climate of earlier geological periods by 

combination of the Laplace theory of heat with WVrncr's 
views regarding the precipitation of the primitive rock 
materials from aqueous solutions. And although his treatise 
is almost forgotten in science, it contains a number of sog- 
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gestive ideas which were not without their influence in directing 
subsequent investigation to the causes of great climatolo-ical 

variations. « 

Humboldt, ifho \fas in possession of large private means 
now began to make arrangements for a few yearf of travel on a 
large scale, and went in May 1798 to Paris. In June 1790 
accompanied by the botanist Aime Bonpland, he et out fw 
Central and South Apierica. 

The expedition was undertaLn primarily to obtain more 
knowledge of the physical geography and botany of tropical 

devoted a large share 
tur? of the % earthquakes, and geological struc- 

ture of the New Contiifent. He said that one of the cliief 
motives of his journey was to test a hypothesis which he had 
formed— that the older strata composing •mountain-systems 
had a parallel strike. It had struck hini during his stay Tn 
the Fichtel mountains that the older members in the rock- 
succession showed always a N.E.-S.W. strike; and he found 

mountains, the Salzburg 
Alps, and the slate mountains of the Rhine. He had 
therefore concluded _that all the older rock-formations«bf the 
earth strike m N.E.-S.W. direction, and cross the meridians at 
a constant angle of about 52°. 

rh Columbia and in the coastal ranges of 

the Gulf of Mexico led to the same result, and from this agree- 
inent he drew the general principle that the strike of the older 
strata was quite independent of the geographical trend of 
mountam-sptems, and was regulated by a force which took its 
origin in th^ original laws of attraction governing terrestrial 
matter. Ihis principle has, however, proved quite untenable, 
ana is at the present day completely forgotten 
After a short stay in Teneriffe, Humboldt ‘landed at Vene- 
zuela, and in November 1799 for the first time witnessed an 
earthquake at Cumana. He made a detailed study of 
Venezuda, then spent some time in the Orinoco district, and 
was in Cuba from December 1800 until March 1801. After- • 
wards he proceeded to New Granada, Peru, and Ecuador, 
where he remained until 1803, then worked for a year in 
Central Anierica. In the summer of 1804 he returned by 
Havana and North America to Paris. There he became at 
once absorTCd in physical and chemical studies, conducted 
along with Biot, Gay Lussac, and Arago, and he also com- 

5 • 
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Hienced the publication ' of' his great work, 7h'iivls h th 
/h' Gw/Zwvf/, I'his wnrk f'oiii- 

prises twenty volumes: but alllnmah llirrr \%vrr HVe'ial 
coiiaborators, the. work/ was newr aiul lli«* 

expenses in connection with it swalloweil up llu? u-nmiiidcr of 
Von Humboldt's means.. In tire spring tif 1805 he vihited 
Italy, and with his friends, Gay laissac and Leopold wn 
Buch, saw an eruption of Vesiivius. » 

Humboldt’s best contributions to geology were Ins investiga- 
tion of volcanoes and earthquakes, and the broad generalisations 
which he drew regarding volcanic action. Me ccuicinded 
his description of American volcanoes with u review of all 
tlie volcanic phenomena known to^have transpired on the 
face of the earth, and tried to demonstrate, froin a large number 
of observations, tlfht the subterranean centres of volcanic action 
are in direfl: communication with one another. He placed 
great importance upon the connection of volcancjcs and earth- 
quakes on the coasts of the Gulf of Mexico and in the Antilles, 
where subterranean disturbances w'ere felt almost simultaneously 
over a district several thousand square miles in extent Hum- 
boldf? account of the catastrophe in the year 1759, which gave 
birth to the Jorulla and five other mountains, and covered an 
area of four square miles with a mass of lava, sand, and slag 
five hundred feet high, still ranks as one of the most note- 
worthy contributions in the whole literature of volcanoes. 

Widespread interest in scientific circles was also attracted by 
Humboldt’s demonstration of an eruptive fissure one hundred 
and fifty miles from east to west acros§...Central America, upon 
which stand the volcanic cones of Tuxtla, Orkaba, Puebla, 
Toluca, Tancitaro, and Colima. 

Through the generosity of the King of Prussia, Humboldt 
was enabled to devote his energies to science. During nearly 
twenty years’ residence in Paris (1808-27) he published the 
series of papers which form the groundwork of his of 

Nature^ and also a special geological work entitled Gco‘^nos.ik 
Essay on the Trend of the Rocks in the Tim Hem is /^he res \ Paris, 
1822), This work practically marked the conclusion of Hum- 
boldt’s literary activity in geology. Upon his return to his 
native city of Berlin in 1827, Humboldt embarked upon his 
gigantic plan of producing a physical description of the world* 
Twenty years passed before this plan was realised and his 
famous work, The Cosmos^ appeared. While the work was in 
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active life in other directions. In 
lectures on geography in the University and 
L i % 1 ""’'^^) If> I S39, accompanied by Ovistav^Ro.se 

molinL LL’ through Asiatic R^sia. the Ural 

mounUnis, and bibeiia to the Altai' mountains. The mineral 

ogical and geological results of this journey were published in an 
mdependent work by Humboldt, and in several papers bvW- 
Alexander von _ Humboldt died at Berlin oHS 6th May 
1859, in his ninetieth year. ^ 

Although many of the geological ideas of the great German 
rLoLT! .to endure, it is impossible to over- 

pVecedenteLvhich geological science of the 

dlsclSed! whicl»he 

_ What Buffon and Cuvier accomplished f, 3 ^ BTance in attract- 
desires of young adherents to tne studies of 
natural science, was accomplished for Germany, after the death 
of Warner, by the powerful personalities of Leopold von ftach 
and Alexander von Humboldt. ^ 

It is interesting to note that Germany’s greatest poet Wolf 
gang von Goethe, was one of those\vho cS mter the 
inspiring influence ^ of Werner. Throughout his Tong Jife 
Goethe never lost his interest in mineralogy and geomiosy 
He wrote several papers on the more populartopfcs of 
geognosy, and carried out some detailed researches ^in the 

mountains While he never could, as a loyal pupil of Werner 
look kindly upon the^rinciples of the Plutonists his critical 
mind clearly*reahsed that the theories of extreme’ Neptunists 
were untenable. In his Geological Problems he expressed his 
oSr i”""- contradictions betrayed I'n the 

of ^eithe^r “t "o personal decision in favour 

ot either paity Goethes geological writings were without 
significance in the progress of the science. 

JPitton, Playfair, and IIall.~ht a time when Werner was* 
of seventies and eighties 

to hear ^ century when young geologists were flocking 

to hear the wisdom from the lips of the prophet of eeoe-nosv in 

dchf^L?!’ gentleman, living quietly in Edinbufgh,' was 

deh grating and writing a work on the earth’s surface ttat will 
live for ever in the annals of geology as one of its noblest classics. 
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James Hutton, the author of the famous 77 kwy fir Earili^ 
was the son of a merchant, and was born in lulinhiirgli rni 
3rd June 1726. He received an excellent t^diieatioii al the 
High School and Uni%’ersily of his iiatK'e eify. His stroiig 
bent for chemical science induced him to sek'd mediciiu; as a 
profession, He studied at lulinburglg Paris, and Leyden, and 
took his degree at Leyden iii J749, but on his reUirii Jo 
Scotland he did not follow ojit his prf^Te'Ssion. Having in- 
herited an estate in Berwickshiie from his father, he went to 
reside there, and interested himself in agriculliire and in 
chemical and geological pursuits. The suaTss of an induslrial 
undertaking in which, he had a sliare afforded him ample 
m«ans, and in 1768 he retired to Edinburgh, win, ‘re lie lived 
with his three sisters. He actively engaged in scientific liM|iiiry, 
and enjoyed the Cultured social intercourse open to Itirn in 
Edinburgh. ^ The literary fruits of hi.s life iir the country 
include several papers on meteorology and agriculture, aiul a 
large philosophical work. * 

From his early days he had always taken a delight in study- 
ing the surface forms and rocks of the earth’s crust, and had 
lost n5 opportunity of extending his geological knowledge 
during frequent journeys in Scotland, England, in Northern 
France, and the Netherlands. On his tours into the neigh- 
bourhood of Edinburgh he was often accompanied by his 
friends, who realised the originality of many of Hutton’s views 
on geological subjects, and begged him to put them into 
writing. At last Hutton set himself to the work of shaping 
his ideas into a coherent, comprehendve form, and in 1785 
read his paper on the “Theory of the Earth” be Core the Royal 
Society of Edinburgh. Three years later it was published in 
the Transactions. 

The publication of the work attracted little favourable notice. 
This may have been due partly to the title, which was the 
same as that of so many valueless publications, and partly to 
the involved, unattractive style of writing ; in larger mea.sure, 
however, it was due to the fact that the learning of t!)e sdamls 
had no part in Hutton’s work. Hutton’s thought.s had been 
borne in upon him direct from nature; for the best part of his 
life he had conned them, tossed them in his mind, tested tluan, 
and sought repeated conlirmation in nature before lie IkuI even 
begun to fix them in written words, or cared to think of any- 
thing but his own enjoyment of them. 



beyond the recogimsed geology of his own time. Hutton’^ 
audience of geo ogi.sts_ had to grow up under other infirnces 
than polemicalMiscussions between Neptunists and PIuSs 

and had to learn from Hutton himself how to tap the fountain 
of science at its living source. ^ nie lountam 

In 1793 a Dublin mineralogist, Kirwan, attacked Hutton’s 
%ioik m Ignoble terms, and the^reat Scotsman, now advanced 
n years, resolutdy determined to revise his wU Ld do Ws 
best by It. Valuable additions were made and the suhiVct- 
matter brought under more skilful treatment. In lyL^he 
appeared at Edinburgh, in independent forr^ and 
in two volumes. It was his last effort. Hutton died in 

"“<1 ovc^sL^dowod theclosi?^ 
int^ four parts 

The firs two parts discuss the origin of rocks. The S 
i^s desdibed as a firm body, enveloped in a nuntle SS 

n?p^c tf exposed durin- im- 

measurable periods of time to constant change in its surface 
conformation. The events of past geologic a” es can ll 
satisfactorily predicted from a Lefd e.xamination ‘of oreS 
conditions and processes. The earth’s crust, as far as it is 

is largely composed of sandstones 
clays pebble deposits, and limestones that have accumulated 
on the bed of the ocean. The limestones represent ke 
agpegated shells and remains of marine organisms, while the 
other deposits represeii^ fi-agmental material transported from 

Sron? - to these sedimentary^ deposits of 

secondary origin there are J.r/mzry rocks, such as granite and 
porphyry which, as a rule, underlie the aqueous deposits 
_ In earlier periods the earth presented the aspect of an 
immense ocean, surmounted here and there bv islanHc inH 
con,i„e„« of p™„y root. The,. „ "0“^ 

poweiful agency that converted the loose deposits into solid 

sedii,. .S. ,K • 

level of the sea to form new islands and continents 
According to Hutton, this agency could only 'have been 
heat It could not have been water, since the cement 

locks IS not readily soluble in water, and could scarcely have 
been provided by water. On the other hand, most solid rSs 
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are intermingled with siliceous, hitiiminoiiH, or otlui' material 
which may be melted .under the influence of luut, *llui 
suggested to fiutton his theory that at a^reiiain depth lh»,? 
sedimentary deposits are melted by the to fvlheh tliry are 
subjected, but that' the. tremendous weight of llie super- 
incumbent water causes the mineral eleiiients to cmnsoluiaic 
once more into coherent rock-masses* lie applied this theory 
of the melting and siibset|uenttConsf>lidalMin of roekniiatciial 
universally, to all pelagic and terrestrial sedimenis* 

In the Uiird part it is shown that the present land-areas of 
the globe are composed of rock-slmta whic:h have cunsoliilaleti 
during past ages in the bed Of the oc^‘an. Hicsc are said Ui 
ha'^ been pushed upward by the expansive force of Invil, 
while the strata have been bent and tilled during iIhj 
upheaval next describes the i)cciirrtfni!c of mist- 

fissures both during the consolidation (d the rock ami during 
the elevation of large areas, and the substqueni inrush of 
molten rock or mineral ores into the fissures, iie regards 
volcanoes as safety-valves during upheaval which by affording 
exit at the surface for the molten rock-magma and superheated 
vapours prevent the expansive forces from raising the con- 
tinents too far. 

The evidences of volcanic eruption in the older geological 
epochs are next discussed. Hutton expresses the opinion 
that during the earlier eruptions the molten rock- material 
spread out between the accumulated sediments or filled crust- 
fissures, but did not actually escape at the surface ; con- 
sequently, that the older rock-magmas ^ad solidified at great 
depths ill the crust and under enormous «^pres.sure of 
superincumbent rocks. He calls the older erufaive rocks 

subterra7ieous lavas^'" and includes amongst them |)orphyry 
and the whinstones (eq. trap-rock, greenstone, basalt, wacke, 
amygdaloidal rocks) ; granite was also added in a later treatise. 
Hutton points out that the subterraneous lavas have a 
^ crystalline structure, whereas those that solidify at tiic 
surface have a slaggy or vesicular structure. 

In the fourth part, Hutton concentrates atteotiem on tlie 
pre-existence of older continents and islands from whtcli the 
materials composing more recent land areas must have been 
derived. He likewise discusses the evidences of pre-existing 
pelagic, littoral, and terrestrial faunas from which existing 
faunas must have sprung. But, he continues, the existence of 
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ancient feiinas assumes an abundant vegetation, and direct 
evidence of extin<*t doras is presented in the coal and 
bituminous deposits of the Carboniferous and oilier epochs. 
Other evidencc^is aflxirded in the silicified trunks of trees that 
occasionally are found in marine deposits, and have clearly 
been swept into the sea from adjacent lands. 

Hutton then sets forth, in passages that have become classic 
in geological sciencej^the slow processes of the subaerial denuda- 
tion of land-surfaces. He describes the effects of atmospheric 
weathering, of chemical decomposition of the rocks, of their 
demolition by various causes, and the constant attrition of the 
soil by the chemical and mechanical action of water. He 
elucidates with convincilig clearness the destructive physigil, 
cliemical, and medianical agencies that effect the dissolution 
of rocks, the work of running water in transporting the worn 
material from the land to the ocean, the steady ftibsidence of 
coarser and finer detritus that goes on in seas and oceans, lakes 
and rkers, and the slow accumulation of the deposits to form 
rock-strata. Hutton impresses upon bis readers the vastness 
of the geological mons necessary for the completion of any 
such cycle of destruction and construction. In proof #!)f this, 
he calls attention to the comparative insignificance of any 
changes that have taken place in the surface conformation of 
the globe within historic time. 

Hutton was thus the great founder of physical and dynamical 
geology; he for the first time established the essential correla- 
tion in the processes of denudation and deposition; he showed 
how, in proportion an old continent is worn away, the 
materials foi a new continent are being provided, how^ the 
de[)osits rise anew from the bed of the ocean, and another land 
replaces the old in the eternal economy of nature. The out- 
come of Hutton’s argument is expressed in his words ‘‘ that we 
find no vestige of a beginning, — no prospect of an end.’’’ 

When we com[)are Hutton’s theory of the earth’s structure 
with that of Werner and other contemporary or older writers, 
the great feature which distinguishes it and marks its superiority • 
is the strict indiu^tive method applied throughout. Every 
conclusion is based upon observed data that arc carefully 
enumerated, no supernatural or unknown forces are resorted to, 
and the events and changes of past epochs are explained from 
analogy with the phenomena of the present age. 

The undeveloped state of physics and chemistry in the time 
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of Hutton certainly gave rise to several errors in c'oiineclion 
with the origin of minerals and rocks. ^ Xo geologist now 
would agree with the principle that heat has liartlt nod and 
partially melted all sedimentary rocks, and jusi^as little would 
he ascribe to heat the origin of flint, agate, silirillcd wshhI, vU\ 
On the other hand, the recognised hypothesis of regiunai 
metamorpliism of the crystalline schists is an cMcnsion of 
Hutton’s conception of the action of heat and |in‘ssiirc upon 
TOCks.. 

Hutton was the first to demonstrate the connerlion of 
eruptive veins and dykes with deeper-scaled eriipti\is masses of 
granite, and the first to point out the differences tjf slructiirc 
bcifween superficial lavas and molten r5ck solidified uiKler great 
pressure. In assuming that granite represents rock roiiMfii* 
dated from a moltfii magma, Hutton laid tlicfoiindaliem of the 
doctrines ofCMutonism as opposed to those (if Neptiinism. 

Again, no one before Hutton had demonstrated so effectively 
and conclusively tliat geology had to reckon with imineas^drahly 
; long' epochs, and that ’natural forces which may appear small 
can, if they act during long periods of time, produce effects 
just as<^great as those that result from sudden catastru|>hcs oi 
short duration. 

Hutton’s explanation of the uprising of continents, owiiig to 
the expansive force of the subterranean heat, was not alujgether 
new, nor was it satisfactory. Neither had Hutton any clear 
conception of the significance of fossils as affording evidence 
of a gradual evolution in creation. Yet in spile of these dis- 
advantages, Hutton’s Theory of the Ear^i is one of the master- 
pieces in the history of geology. Many of his iduas have been 
adopted and extended by later geologists, more particularly by 
Charles Lyell, and form the very groundwork of modern 
geology. ^ Hutton’s genius first gave to geology the concc|)tion 
of calm, inexorable nature working little by little— by the rain- 
drop, by the stream, by insidious decay, by slow waste, by the 
life and^ death of all organised creatures, ^ — and eventually 
^ accomplishing surface transformations on a scale more gigantic 
than was ever imagined in the philosophy of the ancients or 
the learning of the Schools. And it is not too much to say 
that the Huttonian principle of the value of small increments 
of change has had a beneficial, suggestive, and faru*earhing 
influence not only on geology but on ail the natural sciences. 
The generation after Hutton applied it to palaeontology, and 


INTRODUCTION. 

thus_ pa^■ed the way for Darwin’s still broader, biolo'dcal con 
ccptions uiwjn the .■wnie basi.s. uawo^icai coii- 

Hutton.s scientilic spirit and genial personality won for him 
many friends ^nd adiierent.s amongst the niemiiers of the 

Sif’ A'SV'mir distinguished of these were 

Tr n'l r c. N ^ niatheiimtician ]ohn Plavfair 

Hall {1762-1831) contested the validity of the opinion held hv 
some of Hutton-s qiiK.nents, ,fhat the inelting’ of c v a i e 
rocks would only yield amorphous glassy masses. Hall 
followed e.xperi mental methods; he selected different varieties 
of ancient basalt and lavas from Vesuvius and Etna, reshmed 
them to a molten state, and allowed them to cool. At first he 
ainved only at negative results, as vitreous ma.sses were i»o- 
duced; but he then retarded the process of coolina 

fS /’ c-ry-stflline rock-inatcrial 

(A Mo, n- /mi/, Ko. 38, iSoo). By regulafin- the tern 

S touTd modur' co.rsolidatio", 

Tould piouiH.c rocks varying from finely to roarttplv 

yystalhno a, A.ul he U, before proS Ihnt dt 

cei tain conditions ervst.ailine rock could, as Hutton had said 

be produced try the cooling of molten rock-ma^ma H-?!l then 

put to 1,0 to,, Hotto,,', rottho, hvpothci,. ,!,« taostonolr,:; 

was melted and ie-ciysta!lised in nature. To this hvnothesis 

the objection had been made that the carbonic acid gas must 

escape if limestone were brought to a glowing heat, mid the 

material would be converted into quicklime. This was Hall’s 

first experience; then he devised another e.xperiment He 

introduced chalk or powdered limestone into porcelain tubes 

or barrels, «a ed them, and brought them to a very high 

temperature. I he carbon dio.xide gas could not escape^under 

these conditions. The calcareous material was thus subjected 

to the enormous pressure of the imprisoned air, and carbonic 

acid ivas converted under this pressure into a granular substance 

resembling marble. Hall calculated from a sties of successful 

or ’‘T “ pres-sure etimvalent to fifty-two atmospheres, 

sea-water 1,700 feet below sea-level, was neces- * 

that ^Af '■> solid limestone, 3000 feet of depth for 

cai^Donate of lime to a molten state. 

memaH!t/'''*'n® "iw confirmed by other experi- 

sentS in al/ ^Vomer s theory that crystalline rock repre- 
sented in all cases a precipitate from water was shown to be 
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inadequate, and it was ■ incontestably proved llial 

rock might originate "from molten rock when slowly coolrd 

under pressure. 

Hall also condiicted.expenments on l!ic 1 «iurmg mu! folding 
of rocks. He spread out alternate hori/onlal iayia's of eloili 
and day, placed a weight upon lheni> and siibjcii,ed them to 
strong lateral pressure. These and similar experinn tits hate 
been often repeated within repent years, it is wtd kimwii 
that in this way phenomena of deformalion c?an be aititlciaily 
produced which bear the closest resemtilince to the plieiiuniimi 
of rock'deformation under natural conditions. 

Hall, in his desire to vindicate Ijuiton's timory, bfcaimr 
hifaself one of the great founders of experirncnt.il getdogy. 
At the same tima John Flayfaird wlwms interest in gca^logy 
had been rouseerby Hiittoids companionship, became tiie 
enthusiastic exponent of HuttoiYs theory. 

It was Playfairs literary skill that opened the eyes of sden- 
tide men to the heritage Hutton had left for them. He ilidi 
for HuttoiVs teaching what fifty years after was ihine fur 
Darwin’s doctrines by the gifted Huxley. The brilliant ex- 
ponenf and successful combatant, no less than the deep 
student and enlightened thinker, is re«|uired to e.stablish a new 
system of thought, for such a system is always Iround to be in a 
measure reactionary to older doctrines that have received tin: 
stamp of usage and authority. 

Playfair’s Illustration of the Huttonian Theory (1802) is a 
lucid exposition of that theory in the form of twenty-six ample 
discussive notes. Playfair’s work dirfer;if in no e.ssential point 
from the views held by his master and friciKl, but many 
subjects which receive a subordinate tnxUment in the Theory 
of the Earth are brought into prominence by PI lyfair, and 
placed for the first time on a firm scientific basis. 

Among the subjects fully discussed are the uprise and 
bending of strata, the origin of crystalline rot::ks at low 

^ John Playfair, horn 174S, in liervie, ionfarsliivc, f<m a 
showed in his early years 'a remarkahie jLienius f.*r nKUheni;U’H>. Hf 
studied in Aberdeen and Edinburgh, in 1773 became in ikawie, 

in 1785 Professor of Mathematics in the Univcisiiy of Kilinbiirglj, nin! 
twenty years after Professor of Philosophy in the same University. Lc<! 
by Hutton into the study of geology, he devoted In*; iiolid.us |i> y;<' >logirnI 
tours throughout Great Britain and Ireland, and in 1815 and ibhd ru;u!e 
longer tours to Auvergne, Switzerland, and Italy; he {lie<l in 1819 in 
Edinburgh. 
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horiijons of the crust and under very great [iressurc, .and the 
(xxmTcnce of granitf as dykes in variaiis IJritisli ’localitic.s. 
His ticatinent oi vaycy and lake erosion is extremely able 
And Playfair waS tite jirst geologist who realised that the hw^c 
erratic I'hh'ks wt^i;ht hare hr u carried to their f resent position 
former giaders. ilis insight in this respect would alone have 
won foi him a Imsting ianie, for the erratics on Alpine sloiies 
and plains had long, been ol.%.rved by geologists and an 
explmiation vainly sought. IMayfair also .studied the raised 
beaclies on the roast-line of .Scotland, and rightly roncludcd 
that they allorded evKience of an actual uprise of the land, in 
ojrp{)sition to the \iiws of l.innieus and (Jelsiu.s, \v1k> had 
exiilained a similar series of phenomena in Sweden as a result 
of the retreat of the ocean. Playfair gave the first complete 
.account ol the evidences of oscillations of l!R-el in Kuropean 
lands. • ' ' 

I’layjair’s style is a model of dearness and precision, and 
his arguments are always thoroughly logical, and in agreement 

With |)h}si(/ai laws, liis I ititiofiian 21 it:i}ry was traiiskUcd into 
French by C. A. l]a„s.st;t in 1815. 

• 

Theories if t/h' liartiPs Origin proposed hy De Luc, De la 
Methene, Jtreislak, Kant, Lapiaee, and others. — Althuui’h 
Hutton _ had enunci.ated his theory of the earth without 
introducing .any personal element, it was a foregone conclusion 
that a doctrine which undermined the whole foundation of 
Uenier’s Neptunian teaching, was bound to meet with adverse 
criticism. Mention li«s already been made of the att.acks 
made by Kiftvan, Professor of Mineralogy in Dublin {Gco- 
lopeal Essays, lycp;). His arguments are based upon 
chemical and physical objections to Hutton’s theory, and 
culnmiate in a bitter denunciation of a theory inimical to 
religion^ and at varianc'o with the Mosaic account, inasmuch 
as It demandui immeasurable epochs in place of die Biblical 
chronology, and even denied the universai deluge, to wiiich 
Kirwan mainly ascribed the present configuration of the earth. • 
Another ^antagonist of linttoids theory was tlie versatile 
Jean Andre de Luc, a C.lenevese by birth, who came into 
public notux* during the political struggles in Geneva in the 
middle o( tlu; last century, and afterwards attained to a 
favoured position in the court of Queen Charlotte of England. 

De Luc wrote on all manner of scientific subjects, and his 
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great desire was to bring- tbe facts of scicnre into complete 
and. unquestionable liamiony with the woilk of Holy W’rit, 

A special interest is attached to He I^tick ^Lff/ers c// stme 
far is of Swiizeriami^' which were orip^inally acldressed to 
Queen Charlotte, and were afterwards pul ilished in 177 K, In 
the preface to these letters -he proposes tlie term ih'a!t%v a.s 
the most suitable for a scientific study purponing^to deal with 
the history of tbe earth. Thci. preface is -^vritteii in hoinlasiic 
style, announcing that a new outline of cosmology and geolog)^ 
would be enunciated by the writer. The Ltiiers thtiiiselvcs 
contain little that could be supposed to bear out the iiigh 
promises of tlie preface, but a year later I>e Luck theory 
ap|>eared in a work of five volumes, entltlijd Pkysktii ttini 
Moral Letters on Pie Ilistiny of the Earik ami of Mtm. Hie 
moral discoi^rses arc comprised in the first |‘)art of the work. 
Then the scientific letters liegin with a rhnmi of the theories 
of the earth’s origin constructed by Burnet, Whiston, Wood- 
ward, Leibnitz, Scheuchzer, and others, all of which are found 
erroneous and set aside by De Imc. He then describes his 
travels in different parts of Europe, and records any geological 
observations he had made. 

He states his reasons for disbelieving in the enormous 
erosive activity which contemporaneous writers ascrilicd to 
water. And he strongly expresses himself in favour of the 
eruptive origin of basalt, as against the ideas held by ’Werner’s 
school The fifth volume is that in which De Luc unfolds his 
own theory. He distinguishes primordial mountains — com- 
posed of rocks of unknown origin, sreh as granite, schist, 
serpentine, quartzite — from secondary /nountiiinsf composad of 
stratified deposits containing fossils, and clearly of aqueous 
origin. As there are terrestrial plants and animals among the 
fossils of the ** secondary mountains/’ De Luc supposes that, 
although the ocean must have originally covered the earth’s 
surface, there must have been land areas at the time wlien the 
^ strata of the “secondary mountains” were deposited. l‘he 
floor of this restricted ocean was, he said, formed by the 
“primordial mountains,” but in the heart of the.^^c mountains 
there ivere cavities of irregular shape disposed tier upon ticT 
above one another, so that the firm rock merely fornua! a 
scaffolding. Owing to subterranean fire or any other disturbing 
cause, it sometimes happened that the rock pillars in these 
hollow areas gave way, and crustdnthrows ensued The 
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increasing weight of the denoqif*? xrhi^u . 
the ocenn-flr,or, as ^YdI as the'pressure 
rrusl-iiilhnnvs, at Iasi ransc-.i he a.lhnsa r 

The soa-watei- fti.hen i„ HU 1. T , , 

P'Vel e.- the <,eean sal.k Ti 

in Do laK-sse,iuen<-or,r cia.-ltK^eve; l revolution 

tile jiresi'iit continents and i.slands made* theU 
pknt seeds from tlie oUi continent- i* *^ppearance; 

krands of the emerkn ' laS , Jr**" 

appeared. 'Fhe fauna of the I’.rimitivu wiLn’ ak'” hndJ’hi 
some cases Idt descendants to nennl,-. n,. “ ^ 

lands, in ..ther cases Ixiramuexdnrt^^^^^ " 
suirrfciaf^rra? 

wmi believed bv Do I'u! tV 1^ ^^ continents 

cSi [™: ,t .siirss f- 

Four letters protestinij against both Hutton and Phvfafl-were 
reprinted in a dilfuse work by Dc Lur enti t cH ™ . 
2hvf/sc of Gcolo^^v. .\ lar-e nuinb r of ^ ^ Elementary 
tributedto journa s by De 1 uo ■ kt hf 

ST™. 

his papers ha\e no permanent place in literatnre nnri i ** 

M»ka on ,hn grow Seolli.h geologte „„ nbsoluw, wifhou 

Like De I*ic. the ParLsian mineralogist and olivsician Da 
a Methcne, enjoyed con.sidcrable popularity an o^ ids ’cSi 

STrSi . ' -T 'r'tk ■■« i» n?., boi' 

again , iOc iiiic A ^t* iti i.-* ... * ? ^ 

founded for the nio.st part on Werner’s teachbg * IhtyTf 
the erroneous notions in De ^raiilet's r^//rwtere rSt?i 
and new specu ations attempted, but without any basis of 

Irvstlk in ^ ^ ^ precipitation of 

crystals m a primeval ocean which covered the whole earth 

“ckmSiS tates" c’?- accumulltio.; Jf 

rock precipitates certain large subterranean cavities filleH mitk 

a.r or vapour remained free from solid SoSr Is the tS 

VO nrae of water diminished* a considerable portion of the 
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sea withdrew into tfiese crast-eaviticSj and at the same time 
the areas of clenser precipilaticni becatjie land. \‘ulc,nnii..‘ 
eruptions invarialdy originated in these priniiru'e air un.d 
chambers in the earllvs crust, whieli wen^' med • 'Vc r fi-' 'iUriidy 
connected with another by cru^t hssuo>. 

It is unnecessary to enter into the furiher details of lie 
la Metherie's T/m>rjK Two years after its piiblitailion, 
Bertrand, another French geplogisl, wnMe AVw c/' 

a work contesting i)e la J»!dtherie*s conceptions, ljut 
not in itself contributing any new facts of value lo suit, ‘are. 
Ballenstedt, a German pastor, was the author of a book 
entitled Die Unmii (or the Frimezmi which was 

\’^dely read in scientific and literary circles. It i'ndeav('ntred 
to ^‘expound the Biblical stories in a sensible way/’ and went 
so far as t(j. afiirfn that all human races had not descended 
from the one pair in Paradise, hut that there hatl been 
originally several well-defined huma!i species. 

Scipio Breislak (1748-1826), an Italian, deserved to be 
remembered for his determined opposition to the Neptunian 
doctrines. In his Text-book of Geology he tries to demon* 
strate^that the earth was originally in a fluid state, but that the 
volume of water now present on the globe would be absolutely 
insufficient to dissolve the solid material of the crust, 

' Further, the presence in earlier epochs of a much greater 
■ ^ volume of water was a mere hypothesis, so also was the con- 
ception of internal crust-cavities into which large c|uantities of 
) water might have withdrawn after the separation of the rock- 
/ ' precipitates. Again, there was no positive evidence that the 
- ^ , surfa^ce of the ocean had sunk. The cases of apparent retreat 
. ; of the sea from the coasts of Scandinavia, or in the Gulf of 
Naples, might be just as '^ell explained by oscillatory move- 
^ ments of the earth's crust as by the supposed general lowering 
. of- the sea-level. After Breislak had demonstrated the im- 
, . possibility of a fluid state of the earth with water as the 
^ ‘ solvent, he tried to prove that the primitive fluidity of earth 
; substances had been due to their intimate admixture and 
combination with heat-particles. Breislak imagiiies the earth 
, in its first periods of formation as a confused cosmic mass 
' soaked in heated matter, and therefore more or less molten, 
r\vo modes of heat are distinguished by ' Breislak, /m’ lieat, 
which calls forth the sensation of heat, and cambwed heat, 
which is not perceptible to the senses, but whose com!)i nation 
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with other forms of matter efiects important changes. Upon 
this phy.sical basi.s, Bivi.sink suppose.s that, as the heat -par! ides 
enterei.1 iiU>) eomiiinalioii with other jinrtides of matter for 
which they h.ltl atjiiiity, the total iimcmnt (if tree heal 
diminished, and the teiiiiieniture of the^carlli perceptibly 
cooled. Caseous material gathered internally and .still more 
at the surface, where it was condensed as a primitive ocean. 
The internal gases iu eonibination witli heat producerl clastic 
vapours, 'i'hese tried to force their way to the surface, 
cracking and breaking the solid crust that had begun to 
fomi. ■ , 

lircislak tlien discaissus the origin of the various kinds of 
crystalline rock found in the crust He disagrees wllh 
Hutton’s e.xplanation of gneis.s and crystalline ' schist as 
altered scdiinentary rock, and includes tl#m together \yith 
granite, porphyry, and other igneous rocks, as products of the 
cooling of matter from the primitive molten state. Dreislak’s 
ideas ifbout rock-structure soon fell into oblivion, but his able 
criticism of the Neptunian dogmas was largely instrumental in 
eradicating them from the teaching of the universities and 
colleges. There would be little iirofit in recording further 
the many contradictory theories of the earth that appeared 
between the publication of lJuffon's Thcork dc ia Terre in 
1749 of Breislak’s Introduzione alia Geohgia in iSii. 
What seems very remarkable is that in none of ‘these can we 
trace the influence of the cosmogony and gcogeny made known 
io I 7 S 5 by the groat philosopher, Immanuel Kant, in his 
Naiurgcschkhte des JUmmeis. Neither do geologists seem 
to have benefited by the kindred work of the French mathe- 
matician, Kaplace, Exposition du Systems du Monde, published 
101796. » 

Kant’s little hook appeared anonymously, immediately liefore 
the outbreak of the .Seven Years’ War. It received no atten- 
tion, was forgotten, and ninety years elapsed kdore Alcxantfer 
von Humboldt unearthed it from neglect. Kant originated 
the conception that the ordered cosinibl universe might liave < 
beisn produced merely by the agency of mechanical forces 
acting upon a vaporous chaotic _mas.s. Kant supposed that all ■ 
the matter composing the splierical bodies of our solar system, 
the planets and the comet.s was in the lieginning broken up 
into its elementary ronstiiiients and distributed throughout 
sjace. All the particles of matter could attract and reiwi one 
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another ; the equilibrium of mailer wm in a highly firkle and 
iinstablo condition. The denser part teles of matter tcncled, tiy 
reason of their allractive forre* lo uniile into a reiilrai Iwnly* 
\t the impact the pmlirdes were diverled hf the dislurbiiig 
action Cif the allractive anti repulsive fori'cs ; lliere arose 
numerous whirls of movement erossing one anollier. The 
particles in these wliirls or vortices originally iiioveil in all 
directions^ and were constantly coming into coniTtet with one 
another, but finally the movements becaiiu: uniform in direc- 
tion, and the particles revolved almost in one htvivenly pline, 
and without mutual disturliance in concentric cir(‘k‘S round die 
sun. Within each individual ring the allrarlion of the |>anicles 
again came into play, aggregates of the denser panicles altracted 
the lighter particles in the same ring until a jilanelary liody 
formed; revolving^ound the sun along its particular path. In 
this way tht3 whole planetary system, including moons and 
comets, was thought by Kant to have taken origin in order 
according to the distance of the patli of revolution fro^m the 
sun ; first, the planets next the sun, then those more remote 
from the sun. 


Whrle Kanfs mechanical theory of the universe explains the 
origin of all the bodies in the solar system upon the safiie 
fundamental principle, it yields no exact information regarding 
the constitution and the temperature of the sun and the planets. 
.The nebular theory of Laplace, which was founded quite inde- 
pendently of Kant, goes further in this respect, and has therefore 
come into closer relationship with geology. 

Laplace shows that all the planets 'ux the solar system move 
^ round the sun from west to east in almost the same plane, that 
%all mbons move in similar direction round their planets, and 
that the sun rotates, so far as is known, in the same direction 
found its own axis. In the opinion of the great mathematician, 

I a phenomenon so remarkable cannot be mere chance, but 
indicates some general cause or combination of causes llmt 
determined' all those movements. Clearl]^, there was a 
,'<vhen the planetary spaces now empty were uniformly 
l^tei'With matter at a high temperature, representing the sub- 
^ll^^ces^'of, the- planets and moons in the finest state of 

B action, and having a rotating movement from west to 
A central body, the sun, massed itself in the midst of 

vaporous edit' , ^ 




^gaptic atmosphere, 




.. ‘Iv. 
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in which ef|ihlibriiin) wan Kiistaijied by centrifugai force and 
gravity. As the glowing mass became denser the centri- 
fugal forci* inrrcasctl, and peripheral rings of vapour similar to 
those of Satun? separatcai from the main body. The detached 
rings continued to movt‘ with the same rate and direction of 
nK)tion as before. Not Ijcing of uniform density, they became 
unit, the diherent masses formed thcmsclve.s into rotating 
spheres, the larger lK>dies absorbed a part of the smaller, and 
thus the planets and their satellites took origin, 

Ihe condensation of the vaporous material during the 
process of aggregation of the particles into spheroids set free 
a large amount of lieat and the newly-formed bodies were 
raised to a very high temperature; they became radiant 
masses, radiating light and heat into surrounding space. 
Owing to the loss of heat by radiation, the Arhice cooled and 
shrivelled, and finally a superficial crust forrned, at first 
glowing, afterwards darkening down to its present state. 

Acdbrding to Laplace, the zodiacal light represents certain 
volatile unconsolidated parts of the solar atmosphere that still 
surround the sun ; while the comets are regarded by Laplace 
as foreign to the solar atmosphere, belonging probably*to the 
infinite space beyond. 

The nebular theory of Kant and Laplace was in far better 
agreement with the laws of mechanics and the observations of 
astronomy than any previous cosmogonetic hypothesis. Tt 
also helped greatly to elucidate the earliest beginnings of the 
earth, and was welcomed by geologists. Clearly it brought 
confirmation to Volc^iistic doctrines, and militated against 
the Neptunif^n teaching that the primitive crystalline rocks 
were of aqueous origin. 


Local ^Geogms/k Descriptions and Stratigraphy. — A. Ger- 
many , — The revolutionary tendency of the empirical methods 
taught by ^Verner in his system of geognosy is displayed in the 
nunierous local monographs that began to appear in all parts 
of Europe. Both in mineralogy and in stratigraphy, the chief 
contingent of new work came from the Wernerian school. 

Georg Lasius (1752-1833), who for a long time held the 
post of Director of the Survey Department in Oldenburg, .was 
no Wernerian, but he contributed a wotk on the Harz district 
that ranks among the best and most careful local descriptions 
of 'hig time. .While Lasins. ah in 
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Engineer Corps, the duty of preparing the to|>ngra[)]ii('n] map 
of the Flarz was entrusted to him. f’rom this hegi lining, 
Lasius became interested in the structural lelatinns, and 
prepared a work, ^yhich was published in* twu vithnncs, 
Obsermtions on the Harz Mountains^ tugt:tlH;r with a pctro- 
graphical map and a section (Hanover, 1789). 

In the first volume, Lasius descri!)es tlic “primitive rocks'' 
(Ur-gebirge) and the “vein-series” {Gang-gebirge)^ places 
these groups in contradistinction to the “Eidtz. formations*’ or 
younger stratified deposits. The “ vein-series ” comprises 
marine limestones with corals, orthoceratites, bivalves, and 
gastropods ; slates, greywackes, and sandstones ; tra|)-rork, 
porphyry, and serpentine. The distribution of the various 
kinds of rock is entered with great accuracy upon a coloured 
' petrographical nflip, and the term greywache is used for the 
first time iif the literature for a sandstone made up of finely 
fragmental granite debris, 

Lasius follows Lehmann for the most part in his sfdxlivi" 
sions of the Flotz deposits ; he shows, however, that a part of 
the porphyry occurs in association with tlie Red Sandstones of 
Permftin age, and must therefore be younger than the main 
body of the vein series. 

. The second volume of the work is devoted to a description 
of the ores and minerals in the Harz mountains, and contains 
many new and valuable observations. 

The Thuringian Forest was made the subject of several 
excellent geological works by an eminent scholar of Werner, 
Johann Karl Wilhelm Voigt (i 752-182 ]^). Trained for the law, 
Voigt gave up this profession, became an aroient geologist, 
and held' the post of Councillor of IMines at Ilmenau in 
Thuringia. 

Voigt’s work, in two volumes, entitled Mineralogical Journey 
through the Duchy of IVeimar and Eisenach, was published 
between 1781 and 1785. Like many of his contemporaries, 
Voigt wrote this work in the form of letters. It contained 
what was at the time rather exceptional, a series of geological 
sections. Another work, which was undertaken by Voigt at 
the desire of Bishop Henry, gives a mineralogical description 
ofxhe district around the monastery of Fuld. The basalt and 
phonolite rocks in the neighbourhood are accurately entered 
in a coloured geological map, and the text is remarkable for 
Voigt’s tacit renunciation of Werner’s views about the origiit 
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of these rocks, and his clear exposition of their volcanic 
nature,. 

After the publiq^ation in 178S of Werner’s work on the 
occurrence of l3asalt at the Scheibenberg Hill, the diiference 
of opinion between these two geologists began to assume a 
more personal aspect, and unfortunately ended in a rupture 
of their friendship. 

Voigt published several impprtant papers on the geology of 
Thuringia in later years, chiefly in mineralogical journals, and 
he was also the author of the first practical Text-book of 
Geognosy (Weimar, 1792). In the description of the rocks 
and the order of rock-formations in the crust, Voigt follows 
Werner’s teaching, but he has a more just appreciation of the 
causes of volcanic phenomena and the origin of volcanic 
rocks. 

His last lar^ work was entitled Attempt at a History of 
Coa!^ Brown Woat and 7 ^/^ (Weimar, 1802-5). This con- 
tains, In addition to the geological data, practical advice on the 
determination of workable coal-seams, and the industrial uses 
of the various kinds of combustible deposits. 

A detailed account of several localities in the^Thur- 
ingian Forest was also given by Johann Ludwig Heim, a 
Privy Councillor in the Duchy of Meiningen. Heim (1741- 
1S19) was tutor to the Princes of Meiningen, and during 
occasional journeys he made a large mineralogical collection, 
and wrote a number of papers compiled into oqe larger work, 
Geological Descriptions of ike T/mri?zgian Forest (Meiningen, 
1796-1812). These distinguished by the independence 
of his views', acute powers of observation, and his clear 
descriptions ; but there is no geological map, and the 
stratigraphical details are only illustrated by rough sketches. 
Hence the work, careful though it was, never received much 
recognition, and was much less instructive in character than 
that of Voigt. 

Heim referred the origin of the primitive rocks to chemical 
crystallisation from an indefinite mixture or “Jfluidum,” ^ 
possibly gaseous in constitution. Pie allowed that the slates 
and greywackes (^‘transitional rocks ” of Werner) might have 
been precipitated from a watery fluid, but he thought it 
impossible to trace any difference in the ages of the various 
precipitates. His idea was that all these rocks are arranged 
in the crust as spherical or elliptical masses whose kernel is 
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composed of granite, ■ and ■ whose outer Inyers rnmprise 
porphyry and the primitive rocks. I’his cnidi* ro!itv|}tic<:i fit* 
Heim’s has certain points of analogy v;ith the much liter 
theory of *■ central niassives’’ proniulgata'r l)y mmiiuaiii 
geologists. 

Heim siii>divided the sedimentary or stratilletl deposits in 
four main groups as follows — 

4. Newer limestone, including ^jClusckjIkalk and jiirassir 
limestones, 

3.. ‘*Bynter*’ or variegated sandstone (including the sand- 
stone of Fiichsel). 

2, Older limestone or Upper ,Dyas Zcdisk*iiH’ of Lein 

• niann). 

:i. Red Underjj^er or Lower Dyas (“ Rothe I'udtliegendtL' 
of L<;iimann). 

He also made a special inquiry into the origin and distrilni- 
tion of basalt, and wrote strongly in favour of its eruptive 
origin. He regarded it as younger than all four sllh■df^'isjons 
of the sedimentary deposits, and supposed that its eruption 
had Ijpen accompanied by violent crust-moveinents, during 
which the rocks were bent and fractured and the mountain- 
systems were iipheaved. 

The subjects of denudation and erosion also attracted 
Heim’s attention, and he gave a full description of the erosion 
of valleys by the agency of running water, enumerating many 
good examples in confirmation of his ideas (*^On the Forma- 
tion of Valleys,” Voigfs Maga^ine^ i79i)* 

One of the most loyal and gifted Werner’s scholars was 
Johann Karl Freiesleben (1774-1846). He #as born and 
educated at Freiberg, and enjoyed the intimate companion- 
ship of his master and patron. While attending Werners 
classes he formed the friendship of Von Flumboldt, Von 
Buch, and Von Schlotheim; he afterwards travelled with Biich 
in Saxony, with Schlotheim in Thuringia, and with lium- 
boldt in the Bohemian mountains, the Alps, and the Swiss 
Jura mountains. 

His first large work, Description of the Harz MoU7iiains 
(2 vols., 1799), contains chiefly mineralogical and technical 
information, and a later work, Contributions to the Mineral- 
ogi cal Kfiowledge of Saxony^ published in 1817, is of the same 
nature. 

As a geologist, Freiesleben accomplished memorable work 
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in bis study of the sedimentary series on the northern slopes 
of the Thuringian Forest. His comprehensive work, Geognoslic 
Contribution to the Knozv ledge of the Copper Slate Series, imth 
special reference to a part of Afansf eld and llmr ingia ff xCihoxg, 
1807-15, in 4 vols., and with coloured geognostic map), still 
ranks as one of the most accurate local monographs on the 
geology of North Germany. It depicts the different deposits 
according to their mineralogical character, their stratigraphical 
succession, their cart«)graphical distribution, and the occurrences 
of fossils and minerals, in a manner so exhaustive, that later 
authors have been able to add little to his results. 

Freiesleben included under the term copper-slate or ore- 
bearing series the strata from the “Red Underlyer’^ to the 
“ Muschelkalk’^ inclusive; in other words, all the sub-divisions 
now placed in the Dyassic and Triassic geological systems 
were treated by him as belonging to one great formation. 

While the Thuringian Forest and the Harz mountains 
received by far the largest share of attention from the early 
geologists, certain other parts of North Germany also found 
their way into geological literature. The neighbourhood of 
Hildesheim was made the subject of research papers by 
J. H. S. Langer in 1789, and again by J. A. Cramer in 1792. 
A paper entitled “ Physical and Mineralogical Observations 
on the Mountains of Silesia,” by A. Gerhard, appeared in the 
jReports of the Hojal Academy of Berlin in 1771 ; and in 1795 
the mineralogist, D. L. G. Karsten, published a geognostic 
account of a journey in Silesia. Still more widely read were 
Ivcopold von Buch’s writings on Silesian districts. His Attempt 
at a Geognostic Descriftmi of Silesia, wFich he dedicated to 
Professor WeTner, is accompanied by a coloured general map. 
This paper, like Von Euch’s earlier paper on the district of 
Landeck, is more concerned with petrographical than with 
geological details, yet it affords a good general survey of the 
geological structure of a territory previously little investi- 
gated. 

An individual charm is lent to this and to all the subsequent 
works of Leopold von Buch by his skilful delineation of the 
relations between the geological structure and the superficial 
aspects of a country. A landscape a[>pealed to his artistic 
sense as well as to his scientific interest, and his mastery of 
language enabled him to transfer his impressions picturesquely 
in writing. Mineralogical descriptions were fully given; but 
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from the dry details bis mind would sweep with e.asy relief 
to the consideration of the broader truths of the scionct*. 

The following passage may be quoted as an exairqde of You 
Buch’s style of writing. It describes his *!dea of the urigiii u( 
the Carboniferous series of rocks First the conglomorate 
falls, a mixture of great stones that could not he carried far 
from their parent inass^. even by an atigry flood ; and they 
tear away with themselves the mantle of vegetation which 
had formerly reposed in secui^hy upon tlfbir surface. Woods 
arc overthrown, buried beneatii the irresistible rush of jagged 
and broken rock, again and again ilie Hoods rise and pour 
over the land, renewing this drama of destruction. Countless 
fragments are rolled from the heights into tine narrow nmun- 
tain basins and valleys ; there in the hollow they are dashed 
against one anotjjer, gyrated and roimded into pebble form. 
After the surface has been denuded of its vegetation and 
the force of the flood diminishes, the finer, lighter grains 
begin to subside and the newer fine-grained sandstoiuj. accu- 
mulates.^^ 

Von Buch w’as particularly interested in the conglomerates, 
and op the basis of the lithological features he traced the 
pebbles and larger fragments included in the conglomerates 
very carefully to their place of origin. He demonstrated 
that the pebbles are smaller the more remote they are 
from the rock from which they have been broken, and by com- 
parative studies he tried to determine the direction that had 
been followed by the transporting Hoods. 

From a strictly scientific point of view, I.eopold von Buch’s 
geological researches were less successful than those of Voigt 
or Freiesleben, which marked a distinct note dr* advance in 
stratigraphical inquiry. The geological data given by Von 
Buch in his Silesian papers are sketchy in comparison, and 
there is no serious effort to draw up a definite succession of 
the rock deposits upon either stratigraphical or palccontological 
grounds. 

During his Norwegian journey, Leopold von Buch had 
drawn attention to the position of granite the ‘‘ transi- 

tionaH^ limestone in the neighbourhood of Christiania. 
Soon after, in i8ii, a work on the Syem/e Formation in 
the ^Erz Mountains^ written by Raumer and Engdhardt, 
aroused great interest These authors stated that the 
granite and syenite on the north-east edge of the Erz 
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liiountaiiss were not, as Werner bad supposed, the oldest 
rocks, since they rested locally upon the gneiss and schist 
series, and even upon the strata of the ‘'transitional” 
series. Similar observations had been made by these authors 
in the Harz mountains, and corroborative reports began to 
appear in other countries disproving the commonly accepted 
dogma that all occurrences of granite must of necessity be of 
the highest antiquity. 

In comparison wi%h Middle and North Germany, geognostic 
research was very backward in South and West Germany, not- 
withstanding the fact that these areas are particularly rich in 
fossils, and have in later times very materially assisted in de- 
veloping our knowledge of past epochs. 

The lirst to examine the rocks of the Old Bavarian pro- 
vinces was Mathias von Flurl (1756-1823^ At the age of 
twenty-four Flurl was elected Professor of Physics and Natural 
History in the Industrial Academy at Munich; afterwards he 
studied fora time under Werner. On his return to Bavaria, 
he wSs advanced from one position to another, and from 
the year i8oo occupied the post of Director of Mines. His 
chief work, A Description of the Mountains of Bavaria and the 
Upper Ffalz^ was written in the form of letters, fte-eini- 
nence was given to matters concerning mines and metallurgy; at 
the same time, he related in simple narrative style what he had 
seen of any geological interest in the course of his travels, men- 
tioned the localities where fossils occur, and noted the surface 
distribution of different kinds of rock. But Flurl avoided all 
reference to debatable points, such as the order of the succession 
of rocks, the relative age of fossils, or the mode of origin of 
the rocks. The work was accompanied by a small general map 
of Bavaria, wherein a few of the leading varieties of rock were 
distinguished — granite, gneiss, schist, limestone, sandstone, 
nagelflue, and alluvium. 

Flurl was thus the pioneer of geology in Old Bavaria, and 
his work has a permanent value on account of its reliable and 
varied information. On the other hand, it cannot be placed 
on the same scientific platform as the more special contribu- 
tions to geology made by his contemporaries in Northern 
Germany. 

,, # ' 

B. Austria-Hungary and the Alps. — A foundation liad been 
constructed for the geological investigation of Austria-Hungary 
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by Berber’s important series of works, — Ins Iri'd/he (fa ihe 
Moiinhxi?is of Hufigarw his Aavunt of Travels^ and Ids Ooi~ 
trlioi/iofh fo the Mlnet alogy of Boheoiia (}>erlin, 1 7 74 }. 'Twenty 
years later, another descriptive \vork on the uiinerals of Ikn^cinia 
was contributed by Franz Ambros Reuss, a nhniTalo'^ist and 
])hYsician resident in Iblin. 'The same author wrote a Text’ 
hiwk of Mineralogy that had a wide circukuion. A pupil of 
W'erner s, Reiiss treated the basalts of North Ruhemia as rocks 
of aqueous origin. ^ * 

'The most gifted of the early stratigraphers was Johann Idiren- 
reich von Fichtel (1732-95), a Hungarian by birth, whose 
researches in Transylvania were published in 1780; a latiT 
work on the Carpathian mountains appeared in 1791. 'i'he 
first volume of Tlchtefs Mineralogy of Transylvunia tamlains 
much valuai,)le information about local occurrences of I'erliary 
fossils in the_^ low range of hills in front of the 'Transylvanian 
Alps. In the second volume, Fichtel desciibes the massive 
accumulations of rock-salt in Transylvania, and gives an 
exhaustive technical account of the whole mining induStry in 
Transylvania, the Carpathians, and Galicia. A topographical 
map shows the distribution of rock-salt in these areas, 

l.ocal stratigraphical relations are now and then elucidated, 
and the origin of the different kinds of rock is discussed, Fichtel 
declaring himself to be a thorough Volcanist. Amongst rocks 
of igneous origin Fichtel includes the granite composing tlie 
highest mountains, and the gneiss, schist, limestone, and 
metalliferous rock (rhyolite, dacite, trachyte) composing the 
mountains of intermediate height; the rocks composing the 
lower ranges in front of the middle and main chain are, he says, 
of pelagic origin, and include sand, clay, and pelSble deposits. 
According to Fichtel, rock-salt originated by the evaporation 
of a fluid mixture of salt and rock-oil, which had sapped into 
huge crust-cavities after the cooling and consolidation of the 
earth’s crust Such cavities, with their saline intercalations, 
form, he says, the heart of the Carpathian mountains. 

Fichtel’s later work is devoted chiefly to a careful enumcra- 
^ tion and description of the eruptive rocks in the Carpathians. 
He distinguishes votca?iic outbreaks, with which superficial lava 
flows are associated, from volcanic %tpheavals, in the course of 
whidi wide regions are affected, and masses of igneous material 
are intruded in the crust 

It can be easily understood that FichteTs w'ork met with an 
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incredulous reception by Werner and his adherents. One of 
those, Jens ICsmarch, afterwards Professor of Geology in the 
University of Christiania, travelled through the districts which 
Fichtel had described In all the localities where Fichtel had 
found evidence of the as opposed to tlie origin 

of the primitive rocks, I'.smarch could see only a confirmation 
of Werner's teaching JDescription of a Journey through 

Hungary^ Tninsyivania^ and the Banat Mountains, Freiberg, 
1797). 

The writings of the energetic hut somewhat eccentric 
tiaveller Ilacquet ^ in many respects supplemented the works 
of Fichtel. 

l!ac<|iiet’s records of iiis journeys in llie Carpathian and 
Transylvanian mountains were, however, written towards the 
close of his active life. His fame is based u|,^n another work, 
the Oryctographfa Camio/iea, a study of the surface conforma- 
tion of Carniola, Istria, and neighbouring districts {4 vols., 
Leipzig i 778>tS9). 'I'his monograph, wiiich was modelled 
after the pattern of the vSwiss geologists, vScheiichzer and I)e 
Saussure, represented the fruit of twenty years' residence in 
Carniola, and disclosed for the first time something the 
mineralogical and jihysical structure of the more remote 
southern ranges of the Alps. A geographical map was 
published along with the w’ork. 

The scenic character and physical relations of the country, 
as well as the customs and character of the population, are 
excellently depicted. But in the geological portion the author 
unfortunately confined himself to a barren description of the 
individual occurrences t)f rocks, minerals, and fossils, without 
attempting to* give a general conception of the structure. 
During the years 1781-S6, Hacqiiet extended his knowledge of 
the Alps by travelling through the Dinaric, Julie, Rhretic, and 
None Alps. Fie then published a work of a more mineral- 
ogical and geological character upon these districts, but he did 
not succeed in arriving at any real appreciation of the broad 
features of Alpine structure. 

This wyas a task even beyond the greater powers of Leopold 

^ Baiiluuar Ilaajuet (1739-1815) bad a varied career. Born in Brittany, 
he became a surgeon ; in that capacity he attached himself to the Austrian 
Army throughout the Seven Years" War. At the close of tiie war he taught 
Surgery at the Lyceum of Laibach, and in 178S he W'as made IVofessor of 
Natural History and Surgery in the University of Lemberg. 
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von Buch and Alexander von Huml)oldt. Durin;^ the winter 
spent by the two friends in Salzburg, they made niimeroiLs tours 
into the Salzkammergiit and Cxosau Valley. Vno Huclrs 
account of the geognostic and physical rehiion:; in ihal locality 
is very pleasant reading; but, biassed as he was by Werner's 
theories, Von Buch tried to explain the disturbaiu'es tjf tlie 
strata by local collapse, and by the shifting of ilub centre of 
gravity in the rocks. The beautiful Kbnigsec near Berchtes- 
gaden, and the Lake of Hrrflstadl, wefe both regarded as 
local basins of inthrow, and the dee|> Alpine valleys were 
attributed to rivet erosion. The whole massive development 
of limestone in the higher ranges of the Salzkammergot was 
taken to be the equivalent in age of the Tlmringian ‘'Zecio 
steiiL^ (Upper Dyas). The occurrence of fossils at Hallstadt 
and Gosau, and^|>ther now fomous localities, was repeatedly 
mentioned by Von Buch, but the fossils themselves were 
not used in any way to help to determine the age of tlie 
rocks. ^ 

In a separate publication Von Buch drcNv a comparison 
between the geological succession observed by himself across 
the Bj^enner Pass, and that which had i)een described by De 
Saussure for the Mount Cenis Pass. Although the idea was 
good, the rocks and the stratigraphy in these two distant 
Passes have too little in common to disclose any broad 
principles of Alpine structure, and the results obtained by Von 
Buch in this- respect were confused and unsatisfactory. 

Some general facts were, how’ever, brought into promi- 
nence. In this work Von Buch demonstrated the absence of 
porphyry at Mount Cenis, as well as tn the whole Northern 
Alps, in strong contrast to the enormous development of this 
rock south of the Brenner Pass; he compared the northern 
and southern zones of the Alps with one another geologically; 
showed the relationship of the Jura mountains, to the Alps and 
he drew attention to the lithological differences in the rocks, 
and their influence on the scenic features. In later years Von 
^ Buch wrote a few short papers on the ilinterrhein district 
(1809) and on the Bernina Massive (1814). 

One of the mo.st richly endowed of Alpine students was the 
Zurich geologist, Hans Conrad Escher (1767-1823). In 1796 
Esdicr published a geological survey of the Swiss Alps, and 
afterwards a series of geological sections from Zurich to tlie 
St. Gothard Pass* He also contributed several smaller 
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papers to Leonhard’s Taschenlmch fiir Miueralogle and other 
journals. 

ICschcr’s modest personality is endeared in the minds of all 
Alpine geologists, rliis quiet, persistent spirit of inquiry 
enabled him to amass innumerable observations, which not 
only afforded a reliable framework for the future, but also 
contained the kernel of some of the grandest mental concep- 
tions of geological phenomena that have been attained during 
the progress of SwisS*geoIogy. • 

While Escher’s work is so empirical and technical in its 
tendency as to have retained its freshness for the specialist, his 
contemporary, J. G. Ebel,^ has left a work whose chief 
interest now is for the historian, but which, nevertheless, was a 
great achievement at the time. Ebel was the first to bring any 
compreliensive account of Alpine geology^ to a relatively 
successful fulfilment. The previous literature of Swiss geology, 
from which Ebel drew his facts, embraced the works of 
Scheu<^h 2 er and De Saiissure, the series of accurate geological 
sections prepared by the engineer of the Linth Canal, Hans 
Conrad Escher, and the papers of the younger Escher, which 
were then appearing in current magazines. De Luc a^d De 
Saussure had contributed a few observations on the south- 
west portion of the Swiss Jura mountains, and Count Razu- 
mowsky had published his large work, Naluml History of the 
Jorat and its Surroundings^ in the second volume of which 
important suggestions had been given regarding the structure 
of the Jura mountains. Ebel was also thoroughly familiar with 
the geological literature of the German, Austrian, French, and 
Italian Alps; in manf cases he relied upon his own obser- 
vations. ^ 

EbeFs description of the Alps was characterised by the 

^ John Gottfried Ebel, born 1764 in Zullichau. Silesia, studied medicine, 
then travelled three years in Switzerland, and in 1793 settled as a physician 
at Frankfort-onAIain. A translation of the writings of Sieyes brought him 
under political suspicion, and he was forced to leave Germany. He went 
to Paris, where he continued to practise medicine, but spent a large portion 
of his time in the pursuit of natural philosophy. In 1810 he selected Zurich 
for a residence, and died there in 1830. During his early years in Frank- 
fort he published a “ GuidcF’ How to Travel in Switzerland in the most 
Pleasant and Practical Way (4 parts, 1793)» a work which has served as the 
pattern of our present guide-books for travellers. His next work W£W A 
Description of the Mountain-peoples of Simizertand, 1798-1802. His chief 
geological work, On (he Structure of the Earth in the Alpine Mountain- 
System^ was published at Zurich in t8o8- 
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dearness ^Yith whidi he distinguished the leading niendiers of 
the mo unlain -system. He established the fundamental dis- 
tinction of a central chain composed for tlu: most part of 
primitive rocks, and two lateral zones on the north atid on the 
south of the central chain, composed ciiielly of limestiHic, 
sandstone, shale, and nagelHue. d'hese leading zones Wi-re 
accurately described with respect to their gcijgraphical distri- 
bution and the various kinds of rock present in them. I'hc re- 
semblances and differences between the northern and southern 
zones were pointed out, and the leading stratigraphical features 
were shown in a number of geologicvil sections. The text was 
further illustrated by a general geological map of the Alps and 
several panoramic sketches, A geological map (oti small 
scale) of the mountain-systems of Eurot)e was added for 
purposes of com|^rison. 

In describing the Jura mountains, Ebel defined their geo- 
graphical limits in accordance with their geological structure. 
Me pointed out for the first time that the Swabiap and 
Franconian Alb formed geologically an integral part of the 
Swiss Jura chain. He also dre\v special attention to the 
archei forms of structure as particularly characteristic of the 
Jura mountains, but failed to find any satisfactory explanation 
of the curvature of rock-strata. 

The main features of the conformation were thus rightly 
laid down, but the detailed stratigraphy was less ably handled. 
Ebel started from the assumption that the whole outer crust 
of the earth is everywhere composed of the primitive rocks, 
granite, gneiss, and crystalline schist, and that these rocks have 
been in certain localities covered by*pelagic or terrigenous 
deposits. He regarded the highly-tilted position of the rocks 
in the central chain as essentially characteristic of the primitive 
series, and accepted Alexander von Humboldt’s doctrine tliat 
the primitive rocks everywhere strike in the same direction, 
from south-west to north-east 

In his treatment of the stratigraphical succession in the 
lateral Alpine zones Ebel attached little weight to the order of 
rock-formations enunciated by Werner, and considered it far 
more important to note the sequence of the fossil contents. 
He pointed out that the strata reposing upon the primitive 
group contain a few pelagic fossils; in younger strata the 
remains of marine faunas are much more numerous and varied; 
in still younger terrigenous deposits there are fossil fishes and 
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plants; then amphil)ians appear, and finally, whole skeletons 
t)f terrestrial maniinals and birds are imbedded in the sands 
and clays. Accor<Jingly fragmentary historical testimony of 
the beginnings* and further stages of living organisms on the 
face of the earth has been indelibly preserved in the suc- 
cessive strata. It must be left to posterity, by means of 
tlie united ol)servations and efforts of many enquirers, to 
solve the secrets the earth's structure and read aright the 
sequence of organic remains interred in the crust ” (vol il, 
p. 412). 

d'he periodicity in the recurrence of certain physical con- 
ditions and the repetition of similar deposits were favourite 
themes with hlbel He showed that the same varieties of rock 
occur repeatedly in the lateral zones of the Alps, and clearly 
represent deposits gathered during different geological epochs. 
I'hen he cited evidences, both from the central and lateral 
Alpine zones, of recurrent paroxysms of the crust; these, in his 
opiniofi, had been caused by the sudden transgression of the 
ocean over terrestrial areas and the consequent devastation of 
the land, erosion of valleys, and accumulation of fine and 
coarse mechanical deposits at the base of the mountain^ 

According to Ebel, the last and most violent inundations 
had advanced in a direction from south-west to north-east, and 
had transported the huge erratic blocks and the material of the 
nagelfiue and other pebble deposits to the northern band of 
the Alps, and even as far as the North German plain. 

This same idea of periodicity led Ebel further astray when 
he ventured into philosophical speculations. He compared 
the body of the earth witli a voltaic pile in spherical form, in 
which a living element analogous with the electrical current 
not only called forth the plant and animal kingdoms, but also 
regulated the origin and arrangement of the minerals and 
rocks. 

Such theoretical speculations were always kept apart from 
the descriptive portion of EbeFs work, and scarcely affected 
it, although they produced so unfavourable an impression 
that they caused his work to be undervalued by his con- 
temporaries. At the same time, EbcFs work undoubtedly 
marks the high level of geological research as it was repre- 
sented in the Alpine literature at the beginning of the century. 
Unfortunately, Ebel had no deep insight into stratigraphical 
details, and he lacked the genius to follow up the indications 
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which De Satissure and Escher von clcr Linth had given of the 
grand crust niovements that had inverted rock -strata and 
developed the fan-structure of the iiiouptain niassives of llie 
central chain. The bolder thoughts of tliLise men escaped 
him. 

In addition to tlie larger works on Alpine geology by 
Von Buch and Ebel, a number of smaller treatises on Alpine 
localities were contributed to mineralogicai journals. Amongst 
these were papers by Italian geologists directing attention to 
the interesting geological phenomena in the Fassa Valley at)d 
Predazzo in South Tyrol ; a description by Mohs of the Vilhu'h 
Alps ; works by Charpentier and others on the Wallis Alps; and 
by several French geologists on the Maritime Alps and several 

parts of the Dauphind 

m ■ ■ 

C. 7 fa/y. — Tlic interest of Italian geologists was early 
attracted to the richly fossiliferous Tertiary strata. Arduino^s 
epoch-making \vorks on the stratigraphical succession^ in the 
neighbourhood of Verona have been mentioned above (p. 37k 
The travelled Alberto Fortis (1741-1803), an Augustine monk, 
was Sn acute observer and a prolific writer on geological 
subjects. His \vorks are for the most part descriptive of the 
Tertiary deposits and volcanic rocks in the Vicentine Alps ; 
Monte Bolca, a locality long famous for its fossils, was 
thoroughly searched by Fortis, and he discovered several new 
localities of well-preserved fossils (Brendola, San Vito, Gran- 
cona). 

Fortis compared the fossil fishes of Jvlonte Bolca with exist- 
ing species in the southern seas, and conduced that six or 
seven species \vere identical. This opinion was shared by 
Volta, in whose splendid monograph of the Monte Boka 
fishes (1788) the number of fossil forms identical with living 
species is increased to one hundred and ten. Possibly the 
best contribution made to science by Fortis was his work 
on the geological structure of Dalmatia, and his account of 
the occurrence of nummulites at Bcncovac and Scbenico, of 
bone breccias at Cherso, etc. 

In regard to the origin of basalt and tuffs, Fortis was an 
ext^i'eme Volcanist ; he even believed that the volcanic energy 
of the Vicentine area had raised the temperature of the Adri- 
atic Sea to such a degree that tropical molluscs and fishes 
could then exist in it 
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The Tertiary fossils of Italy were made the subject of a 
masterpiece in palneontological literature, Brocchi’s ^ famous 
rnunugrapli, fossiie sidh^ (Milan, 1814), 

d'his work coin^irises two quarto volumes, and is handsomely 
illustrated with sixteen plates. It begins with a historical 
review of the development of paleontology in Italy, depicts 
in an introductory chapter the structure of the Apennines and 
the adjoining plains^ and distinguishes the Secondary rocks 
which compose the true mountain-chain from the Tertiary 
deposits on the lower slopes and plains. The main part of 
the work is occupied by the specific descriptions of Tertiary 
molliisca from all parts of Italy. The special locality, the 
number of specimen.s, and the particular distribution in sandy 
or clayey, pelagic, or littoral deposits is accurately recorded 
for each species ; both the descriptions and!* illustrations are 
perfect. A special chapter is devoted to the occurrence of 
land mammals, whales, and fishes. 

Bronchi recognises the great similarity of the Tertiary species 
of mollusca with species still living in the Mediterranean and 
Adriatic seas, and likewise the difference between the Italian 
fossil species and the species of the Paris basin, whic^ had 
])een described by Lamarck and Brongniart. He erroneously 
attributed the dissimilarity of the Italian and French species, 
not to any difference in the geologic age, but to the separa- 
tion of the areas of occurrence. At the same time Brocchi 
fully realised the fundamental difference between the fossil 
faunas in the Secondary and Tertiary rocks of his native 
land. The numerous occurrence of Belemnites, Ammonites, 
Terebratulas, #nd other generic types in the Secondary rocks, 
and their complete absence from the Tertiary faunas is ex- 
plained on the basis of the gradual extinction of the more 
ancient types during the vast periods of time that elapsed 
while successive strata accumulated. 

Brocchi’s ideas about the mode of extinction and period of 
existence of fossil genera and species are of especial interest. 

^ Giovanni Battista Brocchi (born at Bassano in 1772) studied juris- 
prudence and theology in Padua, was made Pi'ofessor of Natural History 
in Brescia, and afterwards Inspector of Mines for the Kingdom of Italy, 
lie travelled through almost the whole of Italy, and published a large 
number of mineralogical, geological, and palreontological papers ; in fS23 
he travelled in the East,' visited Lebanon and Egypt, and went as an 
engineer to the Soudan, where he died in 1826 at Khartoum, a victim to 
the unhealthy climate. 
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Tie opposes the Catastrophal Theory, which taught liiat from 
time to time destructive catastrophes had occunvtl In p.:i>t 
ages, and had annihilated the whole or the greater |:)ortiuii of 
existing forms ; and he lays down principles of the evolution 
of one from another along continuous lines of descent, but 
in accordance with definite natural laws of growth and decay. 
He argues that just as a definite span of life is meted out to 
each individual, and the time may be longer or siiorter accord- 
ing to the kind of organisatio^'n, in the same way each species 
and each genus possesses a definite energy of existence, and 
when that has been exhausted, death ensues from natural 
causes of decay. 

While it is as a palieontologist that Drocchi’s name will be 
remembered, his first contribution was a mincralogical and 
chemical treatiseron the iron-works of IMelln, in Val 'Frornpia; 
he then studied the porphyrites and basalts of the Imssa valley, 
and, in agreement with Wernerian doctrines, referred them to 
an a(|ueous origin. Later in life, after the publicatioin' of his 
monograph, he returned to the study of volcanic rocks, with 
the result that be became a Volcanist 

The volcanoes of South Italy had always proved an attractive 
study in scientific circles, and yet it was remarkable how few 
of the scientific works regarding them had been contributed 
by those resident in the immediate neighboiirhoocL 

Sir William Hamilton’s work on Vesuvius and Etna (p. 45) 
had prepared an excellent foundation for further research, and 
a worthy continuation was provided by the Frenchman, Dolo- 
mieu,^ in his descriptions of the Lipari and Pontine Isles, and 
his detailed mincralogical researches on the Kicks of these 
islands and of Etna. 

Dolomieii departed from the usual method of research that 

^ Guy S. Tancrede de Dolondeu, born 1750 at Doloinien, in the 
Dauphine, was an officer in the army ; he travelled for several years in 
Sicily, South and Central Italy% the Pyrenees and Alps; in 1796 he was 
elected a Professor in the Paris School of Vines, and accompanied the 
French Expedition to Egypt. While on the return journey he was taken 
into custody, for political reasons, in Naples, and was imprisoned for tw’o 
years. After he regained his liberty he became, in 1800, Professor of 
Mineralogy at the Natural History Museum in Pans, but died in liiti 
following year in Paris. His most important works me: 7><7<v’/.v in 
the Lipari Isles (Paris, 17S3); On the Earth-Tremors in Calahria (Rome, 
1784); On the Lepontinc Isks^ and a Catahi^'ne of the Products of Etna 
(.Paris, 178S). 
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had been adopted by his predecessors. Instead of confining 
himself to a description of the superficial aspect of the volcanic 
mountains and the characteristic phenomena of eruption, Dolo- 
mieu studied tlje lavas, loose ejecta, sublimations, etc., and 
compared these volcanic products with other rocks. He thus 
arrived at the result that all transitional stages exist between 
the coarsely crystalline lavas and the glassy rocks (obsidian, 
pitchstone), the latter being merely particular structural varieties 
of the crystalline lavas. • 

In order to explain the possibility of so many grades of 
structure, Dolomieu supposed that volcanic heat, unlike any 
kind of artificial heat that could be produced in the laboratory, 
did not reduce the original rock-material to a completely melted 
mass, but merely to a viscous state, in which the individual 
mineral constituents could move relatively #to one another 
while still retaining their characteristic form. 

He further supposed the lavas contained a combustible sub- 
stance ^perhaps sulphur), which held the rock in this viscous 
state until it was completely consumed; and that this com- 
bustible substance, by its expansive force, produced the 
scoriaceous, slaggy, and irregular surfaces of lava stieams, 
and caused the upward pressure of molten magma’ to the 
orifice of escape. 

Dolomieu confirmed the igneous origin of basalt rock, re- 
garding it as a variety of lava for the most part associated with 
submarine eruptions. He compared the alternating lava streams 
and sedimentary strata at Etna with the stratigraphical relations 
of the so-called trap-rocks in the Vicentine district, and con- 
cluded that thg latter gaVe evidence of volcanic activity. 

The name of Dolomieu is perpetuated in the name of the 
“Dolomites,” given to the beautiful district in South Tyrol 
south of the Puster Valley. Dolomieu called attention in 1791 
to the unusual mineralogical character of the “ Alpine lime- 
stone” in that district. His chemical investigations proved the 
rock to contain, in addition to lime carbonate, a very high per- 
centage of magnesium carbonate ; so that the rock could by no 
means be regarded as a true limestone. Afterwards, any highly 
magnesic limestone came to be called “ Dolomite ” rock. 

In 1797 Dolomieu confirmed the statement of Giraud 
Soulavie, that the volcanoes of Auvergne and Vivarais are 
intruded into the granite, and partially rest upon it. Thus 
Dolomieu extended our knowledge of the mineralogical com- 
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position of rocks on many definite points, nnd Ins researriics 
at once gained recognition. . Ttaiian geologists applied them- 
selves with fresh zeal to the study of i.hcir volcanic rocks, 
wa‘;rking more by the practical methods of I^olomieu, Soon 
they discovered the weaknesses in DolomitHi’s writings, where 
that keen observer had ventured to speculate on the causes 
which might determine the particular setting am! orientolion 
of mineral material characteristic of the tiansilional varieties of 
igneous rocks. 

llie learned Lazzaro Spallanzani (17^^9*99), Professor of 
Natural History in Pavia, was the first who applied experi- 
mental methods to the elucidation of volcanic rock-slrucUire. 
He set up series of experiments in his laboratory in order to 
find out whether gaseous vapour would escape when lava was 
melted, and whiit was the chemical nature of such vapours. 
The result showed that little gas escaped, but the powdered 
lava partially sublimated, and was partially converted into a 
vesicular rock-mass. • 

Spallanzani then tested Dolomieu's idea that the crystalline 
structure of volcanic rocks was produced under the influence of 
a moSerate degree of volcanic heat acting during a long period. 
Different kinds of lava were exposed to definite tempera- 
tures for forty-five days, some even for ninety days. The 
result of vSpallanzani’s experiment appeared negative, since a 
moderate heat acting for a long time produced precisely the 
same effects as a more intense heat acting for a shorter period. 

Spallanzani also investigated whether, in accordance with 
the hypothesis of Dolomieu, the presence of sulphur would 
hasten the fluidity of the lava, and whether the ifielted material 
in this case would solidify as a crystalline, rough-grained, or 
vitreous rock. The result was again negative. The powdered 
specimens of lava mixed with sulphur demanded the same time 
to become fluid as the specimens with wLich no sulphur had 
been mixed, and on solidifying produced the same glassy rock. 
Spallanzani therefore opposed Dolomieu’s theory, that a com- 
bustible substance was present in flowing lava, pointing out 
(1) that no flames had ever been seen on the surfaces of lava 
streams ; (2) that all lavas were easily brought back to a fluid 
coEdition ; whereas if Dolomieu w^ere right in supposing they 
became solid after all the combustible material had been con- 
sumed, then in the absence of the latter it should be much 
more difficult to melt the lavas. 
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Spallanzani’s experimental researches were published in 
several volumes in the same series as the more popular descrip- 
tive account of his travels {Travels in Sicily and some farts 
of the Apenninei^ 6 vols., Pavia, 1792-97). His descriptions 
and observations of volcanic regions surpass in scientific 
accuracy and completeness all previous contributions of the 
kind, and have secured a permanent place in the literature 
of scientific travel, y^lthough Spallanzani’s numerous experi- 
ments invariably produced vitreous rock-varieties, Hall suc- 
ceeded shortly after in demonstrating that crystalline structure 
could be produced experimentally by the slow cooling of melted 
rock. 

In 1801, Scipio Breislak (p. 78) published a descriptive and 
geological work on the Phlegrsean fields, the extinct volcanoes 
near Rocca Monfino, on Monte Somma, Vestivius, the Baiae, 
Procida, and Ischia. This work comprises several maps, and 
is in many respects supplementary to Spallanzani’s Travels. 
Breislak also contributed the first researches on the geology 
and stratigraphy of Rome, and of that part of the Apennines 
which surrounds the volcanic area of the Italian mainland. 

Leopold von Buch was also a contributor to the g&ology 
of Rome. His study of the basalt of Capo di Bove and the 
Alban mountains aroused in his' mind the first doubts of the 
correctness of Werner’s Neptunian doctrine. The best feature 
in Von Buch’s summary of the geology of Rome is his lucid 
exposition of the travertine and tuff deposits. He demonstrates 
that these are true aqueous sediments, although he recognises 
the volcanic origin of many of the contained mineral fragments. 

In a paper %On the Formation of Leucite,” Von Buch tried 
to prove that the crystals of leucite in the lava had separated 
out while the material was still in a fluid state. In his estima- 
tion the leucite crystals w^ere original volcanic products; he 
discredited the hypothesis that they had been originally 
components of an aqueous sediment which had been 
partially melted in subterranean volcanic cisterns and poured 
forth as lavas. The anti-Neptunian attitude assumed by 
Von Buch in this paper was turned to good account at the 
time by the Volcanists. But Von Buch still held a somewhat 
contradictory position regarding basalt ^ 

After he had visited Vesuvius and the Euganean Isles, in 
1799, he wrote to Pictet that little difference could be 
distinguished between the lava flow from Torre del Greco 
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and basalt rock ; but as HalFs experiments had shown that 
basalt when melted could again solidify in crystalline form, he 
supposed that the lavas of \Yesuviiis represented a pre-existing 
basalt of aqueous origin which had * lieeix iiieittui in the 
earth's crust and ejected as lava. In other cases, for example 
at Solfolara, the lava might not lie basaltic in character, and 
might have some other origin. In the same letter he gave a 
description of the definite sequence in the eruptive plicnoniena 
of Ve.siivius, The eruptions,* he said, bSgin with earthquakes, 
radial fissures form on the slopes of the mountains, and lava 
wells out ; then the pent-up steam and vapours burst forth 
from the central vent with explosive force and noise, throwing 
into the air enormous masses 'of ashes and fragmentary scorim 
amidst dust and smoke. After the crater is emptied, (pnet is 
regained, the esiiialations of injurious gases marking the final 
stages of a spent volcanic outburst 

While our scientific knowledge of volcanoes was derived in 
great measure from Italy, that country also was the sceije of the 
series of earthquake shocks which convulsed Calabria in 1783. 
Great importance is attributed to the Calabrian earthquake 
in siaientific literature, from the circumstance that many of 
the observers present in Calabria during the disturbance, or 
immediately after it, were experienced men of science, and 
their vivid descriptions and accurate observations and drawings 
afforded the first circumstantial scientific account of earthquake 
phenomena. 

D. Belgium^ Holland^ and the Iberian Feninsuia , — 

During the eighteenth century France had ^fallen behind 
Great Britain, Germany, and Italy in the pursuit of geology 
and ' palaeontology, but the influence of Bufibn revived a 
warmer interest in these studies. Scarcely any other country 
in Europe offers such a fine field for geological studies as 
France. Apart from the Pyrenees, Alps, Brittany, and the 
Ardennes, the stratigraphy of French districts is comparatively 
simple, and the strata abound with a wealth of well-preserved 
fossil remains. In addition, there is the wonderful Auvergne 
district, with its groups of extinct volcanoes, discovered by 
Guettard in 1752. 

*Desmarest was the French geologist whose genius disclosed 
the full significance of these extinct volcanoes and made 
Auvergne famous. In 1763 he observed on the plateau of 


INTRODUCTION. 


101 


Prudelle, near Clermont, basaltic pillars in close relationship 
with a lava flow, and he spent many years in collecting facts 
to prove the volcanic origin of the basalt. The work which 
he published in*the Mimoires de rAcadhnie royale des Sciences 
established the igneous origin of basalt without a 
shadow of doubt. 

Desmarest was himself so entirely convinced of the result 
of his conclusions that he took po part in the strife between 
Neptunists and Volcanists, but when questioned by any hesi- 
tating adherents of either party he used to reply laconically, 
“ Go and see.” 

It was remarkable how completely Werner and his school 
ignored the incontestable results of Desmarest And the 
later work by Desmarest, ‘‘ On the Determination of different 
Epochs of Volcanic Activity in Auvergne,” was also neglected 
in Germany {Mem. de Vlnst Sc., Math, et Phys., 1806). His 
owm countrymen, however, fully realised the value of Desmarest’s 
achieve^nents. Following the same lines as Desmarest, Faujas 
de Saint-Fond and Abbe Soulavie made known the volcanoes 
of Vivarais and Velay with their magnificent basaltic pillars and 
lava streams ; so that when D’Aubisson, a student of Werner’s, 
returning to Paris from Freiberg, tried to spread Neptunian 
doctrines, he had no success, and a visit to Auvergne con- 
verted D’Aubisson himself to Volcanistic beliefs. 

The intellectual politician and scientific investigator, Count 
Reynaud de Montlosier, published in 1789 an Essay on the 
Fo/canoes of Auvergne, in which he promulgated a new theory 
about volcanoes. Like Desmarest, Montlosier recognised that 
there were in ♦Auvergne volcanoes of different ages. The 
younger have preserved their typical conical form and their 
craters, uninjured. The older are for the most part situated 
at higher levels, and these characteristic features are absent ; 
they are connected ridges or isolated mountains composed of 
pillared basalt, or trachytic rocks, frequently reposing on 
granite. Whereas it is clear that the younger craters and 
cones of loose ejected material and lava are of true volcanic 
character, Montlosier claimed for the older and relatively 
higher groups of igneous rocks that they represented a single 
upheaval of an extensive viscous mass of rock-material that 
had then cooled in the elevated position. 

The Pyrenees also attracted the attention of French geolo- 
gists towards the close of the eighteenth century. Abbe 
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Palassou wrote the lirst full scientific; dcscriplion of the gcolo' 
gical structure of the. Pyrenees. He worked ni^arly forty 
years in this district, and in 1782 published his Ilmiy e// ///e 
jlfmera/tiq-j 0 / I^remes I'hiowork (‘oinprises 

eight mincralogical maps on a large srali‘i aiul twelve plates 
with panoramic views. After the precedent of ChutUard, Palas- 
sou used special symbols to distinguish the different rocks 
and minerals on the maps; and look careful observations 
of the strike and dip. Palassou concluded that tlie whole 
mountain-chain is made up of riiucstone, shales, clay, and 
granite, with a general strike in W.N.Wh and IkS.E. direo 
tion, and he gave a number of transverse; sections displaying 
a sim[)le and uniform structure throughout t!m chain. 

Palassou’s work was based upon priiiriples which were 
already somew'h^t antiquated when the work appeared. He 
believed that the sedimentary rocks had l>een deposited in the 
various inclined and horizontal positions in which lie found 
them. Limestones and fossiliferous shapes of all ages were 
termed Secondary formations; no attempt was made by 
Palassou to determine systematic sii!)-divisions according 
to tHe rock varieties, the fossils, or any other individual 
feature, and he discarded the ‘Hransitionar^ series of forma- 
tions between the primitive granitic rocks and the Secondary 
formation. 

Among the varieties of rock a diabasic rock containing 
uralite %vas described for the first time under the name of 
OpMie. 

An engineer, Picot de Lapeirouse, published a finely illus- 
trated work on the Rudistes or Hippuritidse, arfossil Lamelli- 
branch family represented in great numbers of individuals in 
the Cretaceous deposits of the Pyrenees. This remarkable 
genus had been discovered by Abbe Sauvage in the Cevennes 
mountains forty years previously. Unfortunately Lapeirouse, 
beautiful as his illustrations are, entirely misjudged the place 
of these fossils in the animal world, and called his work A 
Des€ripiio7i of several neiv kinds of 0?i/ioceraiifes OslradUs 
(Erlangen, 1781). 

Ramond de Carbonnibres contributed several geological and 
palaeontological works on the Pyrenees. He was an enthusi- 
astic mountaineer and made a special examination of Mont 
Perdu, which was then thought to be the highest summit of 
the chain. He proved that this summit was not composed of 
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granite as had been supposed, but of ‘^ Secondary ” limestone 
containing numerous marine fossils. Ramond also drew atten- 
tion to the presence of horizontal and inclined strata, and to 
the fan-shaped form •in which the inclined strata were often 
arranged. 

Johann von Charpentier (1786-1855), the son of Wilhelm 
von Charpentier (p. 38), travelled as a young man for 
four seasons in the Pyrenees (1808-12). The geological 
work which he published in 1823 was for a long time the 
standard work upon these mountains. The younger Charpen- 
tier agreed with Palassou and Ramond regarding the parallel 
trend of the strata along a definite strike, and demonstrated 
that the sedimentary strata slope away from the granite core of 
the chain. Pie established for the first time that there was 
a transverse fault through the whole breadth of the chain 
between Montrejeau and Perpignan, the eastern part of the 
chain having been displaced to the north relatively to the 
westerji portion. 

As a student and follower of Werner, Charpentier, like 
Palassou, supposed that the aqueous deposits had consoli- 
dated in their inclined position, and gave no credence to^ ideas 
of subsequent uplift and disturbance. He distinguished eight 
formations, in ascending order — granite, mica schist, primitive 
limestone, transitional limestone, red sandstone, Alpine lime- 
stone, and Jura limestone, ophite and terrigenous deposits 
(Tertiary and Diluvium). Charpentier gave little attention to 
the fossils, therefore not infrequently made blunders with 
respect to the age of the stratigraphical deposits. For ex- 
ample, Charj^ntieris “primitive’^ limestone corresponds to 
Silurian and Devonian formations; his transitional lime- 
stone, containing belemnites and ammonites, corresponds to 
the Jurassic formation; his “Alpine” limestone to Cretaceous 
and Lower Tertiary rocks, In spite of these shortcomings, 
Charpentier’s work was one of the most important of his time. 

Occasional observations had been made on the “ Paris 
Basin of Deposits ” by - Guettard, Desmarest, and others ; 
Lamanon gave special attention to the beds of gypsum near 
Paris, and" rightly regarded them as the deposits of a fresh- 
water lake. De la M^therie had attributed them to volcanic 
origin. Lamanon, however, found fossil specimens of a fi*esh- 
water mollusc in the interstratified marls, and in the gypsum 
bones of terrestrial mammals different from those of living 
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species. The great chemist Lavoisier mack several geological 
sections through the Paris basin, and pointed out the alterna- 
tion of littoral and pelagic deposits. 'J’he stratigraithical 
succession established by Lavoisier was adde.l to byV'oiipts 
detailed examination of exposures in the vicinity of Paris. 

Tiie greatest work on the “ Paris basin ’ appeared in tSoH, 
in the Jmmiai des Mines and Anmtks du Mnsium. The authors 
were Brongniart, Professor of Mineralogy in tlie Natmal 
History Museum in Pans, and Cuvier, the knious zoo- 
logist and pateontologist. They drew up a systematic table 
of the succession of stratigraplneal horizons "in accordance 
primarily with the sequence of the diqiosits in the ground^ 
and with the particular fo.ssils characteri.siug t;ach group of 
deposits ; the_ varieties of rock, and the thickne.s.ses and di.s- 
tnbution of diffusent deposits were also fully considered. I'ho 
following are the formations, in ascending order from the 
Cictaccoiis rocks, as they were recognised itn the first work by 
Brongniart and Cuvier : — , 

9. I.oess clay and pebble deposits, containing bones of large 
terrestrial mammals. 

Unfossiliferous millstone quartz and fresin 
water limestone of Beauce (Orleans), con- 
taining species of Planorbis, Cyclostoma, 
Helix, and terrestrial planbremains» 
Sandstone, without molluscan remains (Fob- 
tainebleau sandstone). 

Siliceous limestone, a facies of deposits 5 
and 7 present in the southern parts of the 
basin. 

Sands and sandstone with molluscan re- 
mains (Fontainebleau sandstone). 

Gypsum and fresh- water marls, etc., with 
Planorbis, Linnaeus, etc., passing upward 
into marine oyster beds. 

Sands and coarse limestone series of Paris; 

Plastic clay without fossils. 

I. Cretaceous rocks 5 fifty fossil species were enumerated in 
the chalk deposits. 

^ A second and larger work was issued by the same authors 
in 1 81 1, with a special part devoted to geological descriptions, 
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maps, and sections. The stratigrapMcai succession was 
slightly changed ; eleven sub-divisions were recognised instead 
of nine, the millstone quartz in No. 8, and the marine oyster 
beds in No. 4, being*erected into independent sub-divisions. 

Upon the basis of their measurements of the thickness of 
individual deposits, Brongniart and Cuvier were able to arrive 
at definite conclusions regarding the configuration of the chalk 
surface before the deposition of the plastic day. They demon- 
strated that the clay had beef! deposited upon an irregular 
surface of pre-Tertiary hills and valleys, and that, owing to the 
inequalities of the base of deposit, neither the day nor the 
succeeding coarse limestone series extended over the whole 
area as connected layers. After the deposition of the coarse 
limestone, the sea withdrew, and the Paris area then became 
a fresh-water basin in which calcareous, ^psiferous, argil- 
laceous and marly sediments successively accumulated. The 
gypsiferous strata were thickest in the middle of the basin, but 
neitheithey nor the fresh-water sediments were smooth layers. 

It was only when the sea once more had ingress and brought 
into the basin immense quantities of sand that an even surface 
of deposit was attained. Again the sea retreated, and tbe area 
became one of marshes and lakes in which the younger cal- 
careous and siliceous deposits gathered; as the area continued 
to emerge the surface was eroded, and valley depressions and 
uplands took shape which were quite independent of the pre- 
Tertiary configuration. 

The importance of this work for geology will be realised 
when it is remembered that with the exception of formations 
I and 9, all otier formations in Brongniart and Cuvier’s Table 
were unknown in Werner’s system of the rock-succession 
(p. 58). Afterwards it was demonstrated that many of the 
fossils of the Paris basin agreed with the fossils in the deposits 
near Verona which Arduino had termed Tertiary deposits. And 
the series was then incorporated in the chronological succession 
of the rocks as the Tertiary formations. 

This was also the first French work which adopted the m 
method introduced by William Smith in England ten years 
previously, of determining the respective ages of the rocks by 
means of the fossils contained in them. And in this sense ^the 
work had a revolutionary effect on French geology. 

In a later publication Brongniart extended his observations 
to the fresh-water deposits of other neighbourhoods — Orleans, 
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Le ifans, Aiirillac, and Limagne. Hrard roverud a wider fa Id 
of research, and added still further to the inveMigation of the 
fresh-water deposits and their fossils i.Unujki'ju Miisuaii, 
1809, iSjo). ' ’ 

The zoologist, De Ferussac, made a speciarresi-areh of the 
molluscan spepies in the fresh-water limestone near Mainz, in 
Querry, and in Spain. His publications in the Memoiis of 
the Institute (1812 and iSi.O proved that of abtnii eighty live 
specie.s nearly all had become' extinct: a Tew, however, could 
he identified with .species still living in <listant neighhourhoods 
or indigenous to Central Furope. Fernssac conlinned Hrong- 
niart in his opinion that the molluscan species could he used 
to determine the age of fresh-water deposits. 

So much interest had been aroused in these Hligoceitc 
deposits that Gii^ilius d'Halloy,' the Jlclgian geologist, made 
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Werner s “'Fransitional formations.” But his subsequent visit to 
the Alps and Jura mountains caused him to modify these views. 

He accomplished jiew and important work of investigation 
in the Carbonifierous* districts of Belgium and the Rhine Pro- 
vinces. He showed the extensive development of the highly- 
lilted slate formation in the Ardennes, the Eifel and Hunsriick, 
and pointed out that in the Rhine Province and in the Pala- 
tinate (Pfalz) this formation had been penetrated by volcanic 
rocks. The productive horizoits were chiefly developed in the 
northern I'rench provinces, Artois and Boulonoais, while the 
fossiliferous strata beneath the coahbearing series were best 
developed in the Hennegau. Thus Omalius d’Halloy laid the 
foundation of geological knowledge over wide areas. Plis 
more detailed works are those which deal with the 'Pertiary 
deposits of the Paris basin. He united horizons 5 and 7 in 
the classification system of Brongniart and Cuvier, and traced 
the topographical distribution of each horizon. 

Th# hill of Petersberg, near Maestricht, was made the subject 
of a local monograph of high excellence by Faujas de Saint- 
Fond. The chalk series of this district has since been recog- 
nised as the uppermost horizon (“Danian Stage”) ^f the 
Cretaceous formation, a stage absent in the British develop- 
ment, but of very great interest from the intermediate 
Cretaceous-Eocene character of the fauna. 

The monograph of Faujas de Saint-Fond begins with a 
description of the hill and the deposits, more especially the 
system of caverns and tunnels that had been excavated in the 
rock. In the palaiontological portion, the first specimen 
described is dthe huge reptilian skull, Mosasaiirus Campert\ 
that had been found in these deposits in 1770. The specimen 
originally belonged to a physician of the name of Hoffmann, 
but, as the result of a lawsuit, it came into the custody of the 
Canon Godin, and finally, after the siege of Maestricht by the 
French in 1795, it was demanded as booty of war and trans- 
ferred to the Paris Museum. The famous anatomist, Peter 
Camper, had examined the jaw of a similar fossil animal and 
identified it as the remains of a Cetacean, nearly allied to the 
genus Physeter, whereas Faujas tried to demonstrate that it 
represented a fossil crocodile. Both indications were proved 
erroneous by Cuvier, who identified the remains as those *of a 
marine serpent-like reptile, and placed the genus Mosasaurus 
among the lizards, in near relationship to the genus Varanus. 
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Other remains from the Maestricht chalk that had been 
erroneously classified by Faujas and his predcc'essors were 
some largo marine chelonians, whidi Cuvier again was the 
first to identify correctly. ' 

Faujas’ descriptions and iiluslratinns of Invertebrate grouiis 
were particularly good. Only the want of an adequate 
scientific terminology, distinguishing the original specimens 
aexording to genus aird species, has prevented the monograph 
from taking a permanent place'in the works of posterity, as it 
must otherwise hjive done. Faujas himself seems to have had 
no further aim in vietv than to show how important the 
accurate description of the fossils of one limited locality might 
1)0 for paleontology and geology, inasmuch as these do.scrip- 
tions could be used as a definite basis of conijiarison with the 
fossil remains in 6ther IocaIitie.s. 

There is little to relate about the geology of tiie Iberian 
Peninsula at this period. After the brilliant .succe.sses 
achieved by the Spanish and Portuguese mariners in the fif- 
teenth and sixteenth centuries the sciences became neglected, 
more especially the natural sciences. The first work devoted 
to Spanish fossils in the Spanish language was written by 
a Franciscan father, Jose Torrubia (The Nalural History of 
Spam, 1754). The author had travelled in America and the 
1 hiiippineSr and had collected fossils and minerals from 
various lands. He drew up a complete list of all localities 
where fossils had been found, and gave illustrations of the 
Spanish fossils on fourteen large plates. Minor works were 
published on local physical and geographical relations by 
Bowles, an Englishman resident in Spain, and by the Spanish 
botanist, Cavanilles, on the occurrence of fossils in the province 
of Valencia. 

_ E. Great Researches into the constitution and 

■ history of the earth were always held in high regard in Great 
Britain. The natural wealth of the country "in coals and useful 
minerals, the early development of mining and smelting, the 
frequent discovery of well-preserved fossils, had all contributed 
to awaken widespread interest in a knowledge of rocks. Many 
whojiad less sympathy for the scientific aspect of the subject 
found themselves attracted by the literature that was called 
forth in the effort to bring each new geological fact a.s it came 
to light into harmony with the tenets of Biblical inspiration. 
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Thus, in addition to strictly empirical writings, there grew up 
an independent sjjcctilative literature in which the names of 
Whiston, Burnet, and Woodward are prominent 

Towards ihe^ cnd*of the eighteenth century, in 17S9, John 
^Villiams, director of mines, published a ^iaiural Ilisiory 0/ 
flic Kingiftwi, with a description of the coal-beds and 

their occurrence in (Ireat Britain, which was remarkably com- 
plete. Williams was a violent opponent of Hutton, whom he 
blamed for disbelienn the Deity. 

The hazy suggestions of Robert Hooke and others, that 
fossils might perhaps be of use in identifying the chronological 
order of the rocks, liad remained unheeded for more than 
a century. The greatest stratigra pliers on the Continent, 
Lehmann, Fuchsel, Arduino, had directed their attention far 
more to the constitution of the rocks than any benefit that 
might be derived from a study of fossils. Giraud Soulavie 
and Buffon had conceived some idea of the floras, but had not 
ascert^^ined any sure method of applying such variations to 
problems of historical geology and stratigraphy. 

William Smith, ^ an English engineer, was the first to 
recognise the importance of fossils in their full signific^iice as 
a means of determining the relative age of strata. Born in a 
county that was unusually rich in fossil remains, he had in his 
boyhood abundant opportunity of observing and collecting. 

As assistant to a land-surveyor he became intimately acquainted 
with the counties of Oxfordshire and Hampshire, and with the 
surroundings of Salisbury and Bath, 

^ William Sn^th, born on the 23rd March 1769, at Churchill in Oxford- 
shire, son of a farmer, received a scanty elementary education at the village 
school ; managed, however, to train himself to some extent in geometrical 
studies, and entered at the age of eighteen as an assistant in a land- 
survey or*s office. He was afterwards employed as engineer in the con- 
struction of a canal in Somersetshire, and practised independently as land- 
surveyor and civil engineer. He lived in London from 1801 to 1819 ; in 
1828 he became factor for the estates of Sir John Johnstone. After the 
Geological Society was founded, William Smith was in 1831 the first 
recipient of the Wollaston medal; in 1835 the University of Dublin made • 
him an honorary Doctor of Laws; and in 1838 he was a member of the 
commission for the building material of the Houses of Parliament. During 
the later years of his life he was in poor circumstances ; a small pension 
was granted to him by the Government, and he died iinmarriod at 
Northampton in 1839. (Biography of William Smith in Sedgwick’s 
Presidential Address, Proc, GeoL Soc. London^ 1831, p. 279 ; John Phillips, 
Memoirs of Wiiiiam Smithy 1844.) 
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In 1791 he observed the agreement of the re(i mail and the 
Lias near Bath with the corresponding strata in (douceslur- 
shire, and also their ■ ■unconformable 4)Ohiun!i upon the 
Carboniferous formation. B'or twenty live f years William 
Smith continued his investigations in all parts of England ; 
he entered his observations in coloiiri'd geological maps, and 
compiled liiem from time to, time in the form of tables or as 
explanatory notes to his maps. He also garried out a scheme 
of arranging a collection of fossils acitording to the succession 
of strata; his own colieclion was acquired by the British 
Museum, and is still exhibited there. After Ins long period 
of field observations, William' Smith came to the conclusion 
that one and the same successioti of strata stretched throiigli 
England from the south coast to the east, that each individual 
horizon could Ife ■ recognised by its particular fossils, that 
certain forms reappear in the same beils in the different localities, 
and that each fossil species belongs to a definite horizon of 
rock. ' 

Like his famous contemporary Werner, Mllliam Smith also 
had a disinclination for writing ; on the other hand, he was 
alway^wiliing to communicate the results of his investigations 
orally. It is told of him how in the year 1799 he made tlie 
ac(]uaintance of the Rev, B. Richardson, in Farley, who owned 
a large collection of fossils from the neighbourhood of Bath. 
To Richardson's astonishment, Smith knew better than the 
owner himself where the individual species had been found 
and in which particular horizon of rock. 

Then a dinner was arranged, at which William Smith met 
another enthusiastic fossil collector, Rev, W. liownsend, and 
William Smith consented to dictate a table of the British strata 
from the Carboniferous to the Cretaceous formation. The 
table of strata was rapidly copied and distributed among 
geologists. The original manuscript, written by Richardson 
and dictated by Smith, is In the possession of the Geological 
Society in London. In this first table of Smith's the successive 
strata were indicated by numbers. 

But Smith was not content with the determination of a 
chronological succession of strata; he traced their surface 
outgrops, and thus built up the material for his maps and 
sections. He laid before the Board of Agriculture a 

series of memoranda and geological maps which were 
published between 1794 and 1821 in the form of 
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excellently printed detail-maps of fifteen counties. These 
maps were on such^a large scale, and so full of details, that 
they had a limited girculation. Smith therefore conceived a 
plan to publish*a geological map of England and Wales on a 
small scale, that should show accurately the course of the 
surface outcrop of each stratigraphical horizon, and should be 
accompanied by geological sections to the true scale of the 
map. The prelimii^ry sketch of this plan was drawn up in 
I So I, and may be seen in the Archives of the Geological 
Society; but it was 1812 before Smith found a publisher to 
undertake the map. In 1815, the famous map of England 
and Wales appeared, consisting of fifteen sheets in the scale 
of I inch to 5 miles. The complete map is 8 ft. 9 in. high 
and 6 ft. 2 in. broad. The individual strata are indicated 
by different colours, and sometimes the basts of a stratum is 
marked by a darker line of the ground colour. 

Smith’s map is the first attempt to represent on a large 
scale l^e geological relations of any extensive tract of ground 
in Europe. It was a magnificent achievement, and was the 
model of all subsequent geological maps. For English 
geology, the publication of the map was the starting-p^int of 
a new regime. Smith gave an explanatory text of fifty 
pages, in which he introduced a stratigraphical terminology 
adopted from the local names in practical use (Lias, Forest- 
Marble, Cornbrash, Coralrag, Portland Rock, London Clay, 
etc.), and these names of horizons have for the most part been 
retained in geology to the present day. 

Between 1816 and 1819, Smith began a work entitled 
Strata identijkd by Organised jFossils, containing prints of the 
most characteristic specmens in each strahinu Four volumes 
appeared containing the description of sixteen strata and 
their characteristic fossils, from the horizon of Fuller’s Earth 
to London Clay, but the work was never completed. In 1817 
he prepared an ideal geological section across England from 
London to Snowdon, and the section was afterwards intro- 
duced into most text-books. A contemporaneous account of 
Smith’s results and his terminology was published in 1818 in 
a small book written by William Phillips. 

William Smith was a self-taught genius of rare originality 
and with exceptionally keen powers of observation. Without 
much intellectual cultivation, without any introductory 
teaching, without any means at his disposal, and at first even 
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without the encouragement and sympathy of colleagues in the 
study which he loved, his own unflinching determination, 
noble enthusiasm,.- and remarkable insight enabled him to 
elucidate the structure of his native liiuf with such clearness 
and accuracy that no imparlaiit alteration has had to he made 
in his work. Smith confined himself to the empirical 
investigation of his country, and was never tcm|ried inU> 
general speculations about the history of formation of the 
earth. His greatness, is based upon thfs wise restraint and 
the steady adherence to his definite purpose; to these 
qualities, the modest, self-sacrificing, and open-hearted student 
of nature owes his well-deserved reputation as the ** Father of 
English Geology.’^ 

Soon after tiieir publication, Smittfs researches were 
productive of results which he could never have anticipated 
It was found that the strata described by him from the Lias 
to the Purbeck horizons filled the great gap between tlie 
Muschelkalk and the Cretaceous formations in W^^rner's 
system. European geology was thus cnriclied by the accurate 
knowledge of an important series of fossiliferous geological 
horizons, and the equivalents of the English Lias, Coriibrash, 
Portland and Purbeck series were sought for and discovered 
in various parts of Europe. 

George Greenoughd the founder of the Geological Society of 
London, published a geological map of England and Wales 
in 1819, soon after ti:|^ appearance of W. Smithes. The 
topographical groundwork and technical workmanship of 

^ George Bellas Greenougb, born 177S, at first studied Ww at Cambritlgc 
and Gottingen, but under Biumenbaclfs guidance turned lo natural science, 
and afterwards studied mineralogy and geognosy with Werner in Freiberg ; 
travelled in Germany and Italy; became a Member of Parliament in 1S07, 
and in the same year, on November ijlh, foundcii the Geological Society 
of London.; died 1855 in Naples. The Geological Society has exer- 
cised a strong and favourable influence upon the aevelopment of geology 
in England. The aim in founding the Society was to unite all the English 
geologists, and to keep alive and encourage the interest in geolc^y by the 
regular publication of memoirs, Tmmac^miSt and shorter reports of the 
communications made at the meetings. The first of six volumes of 7 kf«r" 
ar/fw appeared in 1811. Much later, in 1845, published 

■ in quarto form, were replaced by the Quarferfy /mirml, flRy-two volumes 
of vi 4 iich have now been published, and have upheld the high quality 
' of the Society’s publications, Mr. Grecnemgh, the first President of the 
Society, helped vep' considerably to supply the means for endowment of 
the Geological Society* 
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Greenough’s map were particularly good; *the geological 
coloiiring embraced Smidi^s results, and vyas partially founded 
upon his own obsery^iplia; The original edition appeared in 
six sheets; in 1S26 a redUQed map* was- published and at once 
obtained a wide circulation,. -New and improved editions of 
Greenough's map^con^p« appear gt the present day, and 
a Jong titp^^ this was the best that existed 

Smithes example gave a new^ impulse to geological work. 

■ John MacCiillochJ “a physician in private practice, gave up his 
practice and devoted liimself between 1811 and 1821 to the 
geological investigation of Scotland. The first fruits of his 
important labours were published in 1819 in his Description 
of the JV, I of Smtiand^ In 1826 he was commissioned by 
the Minister, of Finance to prepare a geological map of that 
country. Tins large undertaking was completed in 1834, 
There „were,„ however, no detailed topographical maps of 
Scotland available at that time, and MacCulloch had to enter 
the geological colours on the meagre topographical basis of 
the Arrowsmith map. MacCulloclVs map was published 
posthumously in 1840. It frequently passed under the jiame 
of the author of the topographical map, and received on its 
appearance little attention even from geologists. Nevertheless, 
MacCulloch was one of the pioneers of British mineralogy and 
geology. > . * . 

The country which he investigated was bristling with com- 
plexities and dihiculty of every kind, but a wide mineralogical 
knowledge and experience stood him in good stead, and: fee 
built up a thorough groundwork for the general features in the 
distribution" of the rock-varieties in Scotland. " Although a 
little unwillingly at first,* owing to MacCulioclVs personal 
peculiarities and unpopularity, his* memoirs have long been 
recognised as classical works in the history of British geology. 
They are characterised by accurate mineralogical determination 


^ John MacCulloch, born 1773 in the island of Guernsey, of Scotch 
descent, was educated in Cornwall, and studied medicine in Edinburgh, 
lie became so eri^moured of mineralogical studies that in 1811 he ga^'e up 
his practice, and in the same year he communicated to the Geological 
Society several papers on the structure of the Channel Isles and Heligoland, 
In 1S14 he was appointed a geologist on the Trigonometrical Survey. He 
belonged to no particular school; he frequently fell into scientific disputes 
with Ixis contemporaries, and Wa^ very unpopular on account of his per- 
emptory way and jealous temperament He died in 1S35, through a 
carriag<^''^fcdent in Cornwafi. , . - . - - ' 1 1 ‘ ' 
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of the rocks, and by their Extraordinary luuiihcr of enrefiil 
observations. 

Farcy published a General ! Yew ike ^ A^rkuiiure and 
Minerais Derfyshire in 1 S 15 , with ji'olo.uiva! sections and 
maps. Tliomas Webster an<l .FruiV^sor Wiltiam lUmklamn 
studied the character and distri!)Ution of the yriinyaer sodii- 
mentary rocks of Engla.nd. Hiirkland described in detail 
the pebble and sand deposits alcove thy; Tertiary formations 
and below the very yoimgesf fliiviatile, lacustrine, or marine 
deposits. Fie identified the widely-distrilnited pcbl^Ie-.heds 
with the epoch of the universal I deluge, and called them 
Dihmal deiriius; the youngest deposits lie termed /kfA 
diluvial (alluvial) deiritus. He al.so madi* a large collection of 
fossils from the Liassic and Oolite series in the Midlands, and 
followed \¥illiar 5 Smitlfs initiative in wiu’king out successive 
horizons upon pakeontological evideiu’c. Bucklaiurs system 
of the Secondary formations, move es|)erially of the Jurassic 
formation, has remiained a model of clcarly deruied p:iimonto- 
logical horizons of strata. 

llie magnificently-tbrmed basaltic pillars of Staffa, the 
Gianfs Causeway, and County Antrim early attracted notice. 
PennanFs ^ 7 ravel (1774) gave descriptions and illus- 
trations of these, without attempting any explanation of their 
origin. John Whitehurst (1786), the Rev. Hamilton 

{1790), and Abraham Alills (1790) advanced the idea of a 
volcanic origin, and Faiijas de Saint-Fond, after a journey in 
Scotland and Ireland, supported this explanation. 

On the other hand, Kirwan (1799) and the Rev. William 
Richardson (1808) reported the discovery o# fossils in the 
basalt of Ballycalla, near Portrush, and consequently advocated 
the aqueous origin of basalt, trap, granite, etc.; but Playfair 
proved that the supposed fossiliferous basalt of Portrush was 
only metamorphosed Lias. 

Contributions to the geology of Ireland were made by 
Conybeare and Buckland (1813), Vaughan Sampson (1814), 

1 William Buckland was bom 1784, the eldest son of the Rev. Charles 
Buckland, at Axminster, in Devonshire ; studied tlieology in Oxford, and 
was a Fellow of Christ’s College there. In 1813 he was appointed 
Professor of Mineralogy, and in 1819 was made in addition tlie first Pro* 
lessor of Geology in Oxford; in 1845 became Dean of Westminster. 
He died^|;S56, held in the highest respect and esteem by all English 
geologists, (f'/te Life and CorresfondejiiC of IViHiam JJuckiandy by his 
daughter, Mrs, Gordon ; London, 1894.) 
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and Dr. J. T. Berger, of German birth, who had been trained 
in Werner’s school Berger’s description of the geology of 
N.E. Ireland, pubiishe|i in 1816, with a preface by Conybeare, 
has proved fundamental in the geological literature of that 
country, while the geological maps of Ireland, published by 
Richard Griffith in 1834 and 1838, afforded a complete general 
survey of the stratigraphy. 

In Scotland, Robert Jameson (1774-1854), an enthusiastic 
pupil of Werner, tried to establish Neptunian doctrines. He 
founded a Wernerian Natural History Society in Edinburgh, 
wrote a Texi-book of Geog?tosy upon Werner’s principles, 
and was for fifty years Professor of Geology in Edinburgh 
University. Pie and his students made many valuable 
researches in Scottish mineralogy, petrography, and geognosy, 
but their biassed Wernerian view of the rock-formations 
prevented them from attaining any real insight into the 
complex stratigraphical relations of the sedimentary deposits 
in Scotland. 

Hutton strongly opposed the Neptunian teaching of 
Jameson, which was contrary to all his experience in Scotland. 
On one occasion in 1783, when Hutton was on a visit tc? the 
Duke of Athole, he happened to observe red granite dykes 
near Glen Tilt, in the Grampians, penetrating black mica 
schist and limestone. He was so overjoyed at the sight that 
his companions could not understand what was the matter, 
and thought Hutton must have discovered a gold-mine in the 
rocks ! Afterwards at Cat’s Neck, Hutton saw dykes of trap- 
rock intruded in all possible directions through sandstone. 
These observahons formed the basis of his paper ‘‘ On 
Granite,” wherein he proves that granite is frequently younger 
than sedimentary aqueous deposits. John MacCulloch 
brought subsequent confirmation of Hutton’s views by 
showing that intrusive dykes of basalt, porphyry, granite, and 
other varieties of igneous rock, abound in the Western Isles of 
Scotland, and that the stratified deposits have been altered at 
zones of contact 

F. Scandinama and Russia . — The first Scandinavian scholar 
who interested himself in the history of the earth was Urban 
Hiarne (1641-1724). Plis work, published in 1694, draws its con- 
ceptions of the earth’s interior chiefly from Athanasius Kircher. 
While he recognised fossils as the remains of organisms, he 
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supposed these organisms Fiad come into existence afun* the 
Deluge. To the epoch- of the Deluge he also atiiilmled 
gigantic ciisturhance's of the eartlrs suMact.^ that Iiad uplifted 
gi'iMt I'mrtions of Scandinavia and thnawn other ari'as into liie 
interior of the earth. He thotigljt lliai frequent rcciirrenc‘e$ 
of iiisturbance had taken |)lace, elevating and destroying 
mountain-systems and continents. 

lliarnehs work was written in his own hngiiagtq and was little 
read outside Sweden. The scientific writings of Kinaniiel 
Swedenborgs the religious enthusiast) were more widtdy read. 
Swedenborg who held for a long time the post of 

Assessor of Minos in Sweden, took a great interest in fossils, 
and in his Oherntfums (jf Natural (1722) he 

mentions and descril)es a large number of Swedish fossils. 
He thrjught tlm fossils found in high ta!)lelands and mountains 
had iieen left there by the flood ; he regarded the trap-rocks 
(Swed. tt stair, from the characteristic weathering) as 

aqueous sediments, and referred volcanic phenomen!! to the 
presence of molten reservoirs within the solid crust of the 
earth. 

A work devoted to palaeontological details was published in 
1727 by Magnas von Bromell; his Lithograpkia Stmana 
treats of trilobites, corals, and gastropods from Gothland, and 
of graptolites and plant-remains in calcareous tuff. Another 
author, Kilian Stobaeus, described the first known Ammonites 
and the so-called “ Brattenburg pennies ” from the Cretaceous 
deposits of Schonen. The year 1743 was signalised by the 
publication of the famous observations made by Anders 
Celsius on the sinking of the sea-level in the Gulf of Bothnia. 
Celsius reckoned the lowering of the sea-level at 450 ft. in 
10,000 years. " 

Carl von Linne (1707-78) published in 1756 his account 
of a geological tour that he made as early as 1741 with six 
students to Oeland and Gothland. At West Gothland Idnnmus 
had investigated very carefully the horizontal strata of the 
“transitional formations” (now identified as Silurian and 
Cambrian), succeeded by a series of trap-rocks well exposed at 
the Kinnekulle hill. A typical section through the Kinne- 
knlle hill was drawn up by Johan Svensson Lidholm, under the 
guidance of Linnaeus, and it was taken as a standard for 
the stratigraphical relations throughout Sweden. Linnmus 
assigned the trap or igneous series to aqueous origin. In 
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1749 he examined the Cretaceous rocks in Schoneiij and in 
the last edition (1768) of his Sy sterna JSfaiurm he gave a 
complete list of the fossils known to him, and arranged them 
according to their occurrence in his system of the rock 
succession. He arrived also at remarkably clear conceptions 
about the accumulation of different kinds of sedimentary 
deposit upon the floor of the ocean. 

While Linnaeus was a true empirical observer, and may be 
regarded as the founder of constructive geology in Sweden, a 
contemporary of his, Tobern Bergman (1735-84), inculcated 
theories regarding mineral structure and the constitution of 
the earth^s crust which were largely adopted by Werner, and 
were thus destined to wield a European influence. His 
jphysical Description of the Globe (1769) was translated into 
German, and was the foundation of the Wernerian doctrine 
that the earth’s crust was composed of successive strata of 
different thicknesses and constitution, but uniformly envelop- 
ing the^spherical earth; further, that these have arisen as 
chemical precipitates, and not simultaneously, but gradually 
during protracted epochs of time. In addition there were 
deposits accumulated by mechanical means and volcanic 
rocks. He classified the rock-succession in four sub-divisions : 

(1) Prhniiive rocks, ‘comprising the chemical precipitates; 

(2) the Floiz series, comprising sediments of mechanical 
origin ; (3) transported rocks ; (4) volcanic rocks. 

Daniel Tilas (1712-72) made a special study of the erratic 
blocks and superficial pebble-beds of Sweden. He wrote 
strongly on the importance of petrography, and to his warm 
advocacy Sweden doubtless owes the preparation of its earliest 
geological maps: the map of West Gothland by Hisinger in 
1797, and the maps of Nerike, Schonen, West and East 
Gothland by Gustaf Hermelin, published between 1797 
and 1807. Both these authors contributed an explanatory 
text to their maps, and thus laid the basis of stratigraphy in 
Sweden, Hisinger (1766-1825) wrote a general description of 
the mineralogical relations of Sw^eden; and the second edition, 
soon after its appearance in 1808, was twice translated into 
German. This work contains a historical review of all the 
facts known about Swedish rocks up to that date, and applks 
Werner’s systematic arrangement. 

The oldest information about the geography, minerals, and 
rocks of Norway is to be found in Erich Pontoppidan’s Natural 
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0/ ^753- beginning of the nincteesRh 

century, WerneFs scholar, Jens Esmarch, conducted inineral- 
ogical investigations in Norway. J. I- Hausmann travelled 
through Scandinavia in 1806 and 1807. His- chief aim was to 
investigate the mining districts of Sweden and Southern Nor- 
way, and his account of the journey, which was puhlislied 
several years later, contains a large number of valuable observa- 
tions on the minerals and ores of tl;,e.se districts. It also 
embraces detailed descriptions of the Cambrian rocks near 
Anclrarum, the fiimous section at Kinnekulle, and other features 
of geological interest Hausmann was the first scicntiiic 
observer who noted the position of the granite a/m'e the 
“transitional” limestone formation in tlie neighbourhood of 
Christiania, and the first who described the zircon syenite of 
the Irangensund (cf. p. 86). 

But Leopold von Budds Journey to Norway and Lapland 
(Berlin, 1810) was the work which first gave European geolo- 
gists an insight into the general geological structure of •Norway. 
The novelty of many of the districts traversed, and the author's 
genius for the narration of scientific observations, combined to 
secifi'e immediate popularity for this w^ork. 

On the journey to Scandinavia, Leopold von Buch passed 
through Mecklenburg, Hamburg, Holstein, and Copenhagen. 
He gave full notes about the erratic blocks, and the white 
chalk of Moen and Stevensklint. The journey to Christiania 
w’as carried out by land, the route leading across the Swedish 
seaboard and the coast of the Christiania Fjord. Von Buch 
confirmed Hausmann's observation that not granite but gneiss 
was the predominating rock in this districtf^ He was also 
greatly struck by the relations between the transitional rock- 
formations and the granite-grained rocks. He described the 
various kinds of rock, and showed that the porphyry penetrated 
the “ transitional ” formations as dykes and veins, and that be- 
tween Dramraen and Christiania a large mass of granite rested 
upon fossiliferous “transitional limestone.” This occurrence 
was at once admitted by Buch to be incontestable evidence 
that granite was not, as Werner had taught, in all cases part of 
the oldest rock-formation, although he still clung to the idea of 
tl^e aqueous origin of the porphyritic and granitic series. In 
1808, Leopold von Buch travelled through the northern terri- 
tories of Norway and Lapland. He took geological observations 
at the Dovre Feld Mountain in Drontheim, at Lake Mjoseii, 
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^nd in Gulbrand Valley; and wherever he travelled he gave 
attention to the climatic conditions, and to the habits and 
cultivation of the people. Near the town of Drontheim, 
Buch saw a co.^rse-gfained diallage rock, which he afterwards 
recognised again in the Alps of Valais, in Tuscany, the Riviera, 
and other places; he described it under the name of *‘gabbro.’b 
He observed the diallage rock together with slate at the North 
Cape. His numerous observations on upraised beach deposits 
round the northern coast-line of Norway led him to conclude 
that the uprise in Sweden had been greater than in Norway, 
and had been altogether greater in the north than in the south 
of the peninsula. 

In Russia, the numerous remains of land mammals, 
especially the mammoth and I'hinoceros, had long attracted 
attention. One of the chief aims of Johan Georg Gmelin’s 
expedition to Siberia was to look for complete remains of these 
animals and bring them to St, Petersburg {Reise dunk Siberien, 
1752)4; Pallas was, however, the scientist who most success- 
fully carried out this purpose, and his works were the means of 
opening up to science the geological structure of the vast 
Russian empire. The collective works of Georgi andtsRazu- 
mowsky, as well as the first geological map of Russia by 
Strangways, are largely based upon the researches of Pallas, 
and partially upon the independent investigations of these 
geologists. 

G. Auierkay Asia, Australia, Africa . — Although no country 
outside EurQpe bore any appreciable part in the construction of 
the early framework of the science, it was a matter of keen 
interest to geologists to compare the structures ascertained in 
Europe with those in other region^ of the globe. All observa- 
tions of the mineral constituents and structural forms in other 
parts of the world were much valued at home, and in many cases 
were employed as corroborative evidence in favour of one theory 
or another. In the beginning of the nineteenth century but 
little was known in Europe of the geology of foreign parts, yet 
what was known sufficed to show that the results obtained in 
Europe were in harmony with geological, phenomena elsewhere, 
and might therefore be regarded as a sure scientific basis for 
future progress. 

The errors, the false hypotheses, and bitter disputes which 
had retarded the growth of the science during many centuries 
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in Europe, were spared in the case of the other continents. 
In them the knowledge so liardiy won in Iharo[)e could at 
once be adopted, and the help of experienced luiro[)ean 
observers could be secured in carrying out piou'ier research 
elsewhere. Thus geological data furnisiicd within a few years 
in foreign lands could often bear coni[>ari.sun with the results 
that had demanded many decades or even centuries uf work 
in the European territories. Active co operative research in 
the other continents did not commence until after the jieriud 
with which this introductory chapter deals. 

North America was first brought into the held of geological 
science. As early as 1752, Guetlard had examined a collec- 
tion of Canadian fossils, and had tried to apply to Nortli 
America the sedimentary hori/.ons wliich lie had erecte.d for 
3 £urope. He had gone so far as to (‘onstrucl a hypothetical 
ma|> showing the distribution of the various rock-formations 
whose existence he had surmised. 

Of another character were the investigations of the^Scots- 
man, Maclure (1763-1840), who had been trained as a 
mineralogist by Werner. Maclure published in 1809 a treatise 
and a^map on the geology of the United States Amer, 

jPkil Soc). He distinguished the rock-formations according to 
Werner’s system, and showed that the primitive rocks pre- 
dominate on the north and west of the Hudson, and form the 
basement in the New England States; the transitional forma- 
tions repose upon the primitive rocks and extend far west to 
the Mississippi, where the Flbtz or younger sedimentary forma- 
tions begin. Maclure also gave a clear exposition of the 
distribution of the Carboniferous formation in tijp Alleghanies, 
in Pennsylvania, and in the West, of the absence of trap-rocks 
in the P 15 tz formation, and the absence of porphyry, vesicular 
rocks, and basalt in the whole eastern district of the United 
States. He fully realised and depicted the simplicity and the 
gigantic scale of geological structures in the United States. 

Maclure’s comprehensive survey of the geology of North 
America overshadows the many smaller works on local strati- 
graphical details, such as those of Jefferson, Gibbs, Bruce, 
Silliman, and others. 

Long before geological research had begun in North America, 
however, the presence of mammalian remains similar to those 
of Siberia had been discovered. Dr. Mather, in 1712, reported 
in a letter to Woodward the presence of bones of enormous 
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size near Albany (New York), ^nd surmised that they must 
have belonged to a race of giants. In 1739, ^ French officer, 
Longueil, brought back to Paris fossil bones and teeth found 
in a marsh near Ohio. Daubenton and Buffon identified 
the bones as Elephas and the back teeth as Hippopotamus 
remains. More complete fossil remains were discovered by 
Croghan and Peale, and the restoration of a skeleton was 
attempted. Cuvier, with his customary insight, recognised in 
this an extinct genifs of PrOboscidae, to which he gave the 
name of Mastodon. His great work on Mastodon gives a full 
account of all the remains of this extinct genus that had been 
found up to that time in North America. 

In a cave in West Virginia, Jefferson discovered along with 
Mastodon remains the extremities of another diluvial animal. 
Cuvier examined these, and referred them to a gigantic genus 
(Megalonyx) belonging to the Edentates. 

Throughout Mexico, Yucatan, Bolivia, Peru and Chili, fossil 
bones jaf enormous size had been frequently found during the 
sixteenth and seventeenth centuries. In 1789, Loretto, the 
Regent of Buenos Ayres, sent a complete skeleton of one of 
these fossil animals to Madrid, and shortly after, two^other 
skeletons were sent from Lima and Paraguay. These were 
described by J. Garriga under the generic name of Mega- 
therium j they were found to belong to the Edentates, and, 
like Megalonyx, to the sub-order Gravigrada. Garriga^s iden- 
tification was afterwards confirmed by Cuvier. The first 
remains of a Glyptodon, another of these heavily-built fossil 
Edentates, are mentioned by the Jesuit Falkner in the account 
of his travels. ® 

Alexander von Humboldt’s observations were the earliest 
contribution to the geology of Central America. This great 
geographer applied Werner’s system of rock-formations, and 
wdierever he travelled in Central and South America identified 
the rocks in accordance with Werner’s petrographical teaching. 
He thought that the distribution of the rocks in these regions 
fully confirmed Werner’s chronological succession of the groups 
of formations. 

In Asia, the pioneer work of Pallas in Siberia and the Urals 
was continued by Patrin, who published in 1783 the Account 
oj his Travels hi the Altcii Afountains. The geological struc- 
ture of Central and Southern Asia, Australia, and Africa was 
still a blank in the beginning of the nineteenth century. The 
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few reports that had been »given by travellers merely con- 
firmed the presence of volcanoes in tine locality or another, 
or mentioned the occurrence of the mure striking varieties of 
rock. 

/^n{i^ress A^tffunisfs^ Vf^/uniis/s^ ami Phi- 

tofiisis,- -In the older mineralogical lileraluiv the n^K'ks also 
received a passing notice. As a rule, authors limited these 
remarks to a description of their externa! features, (..'ronstedt 
removed them from thi.s subordinate |')osition, and paved the 
way for Werner’s creative work in establishing tlic study of the 
rocks as an independent branch of (k.‘ognosy. Werner’s 
classification and description of rock-varieties, published in 
1786, comprised all existing knowledge of rocks, and replacixl 
the vague conceptions of former years by a scries of exact 
definitions and the introduction of a new, precise nomen- 
clature. Werner distinguished simple and composite rocks ; 
the former were discussed botii as minerals and rock forms, 
e.g, quartz, gypsum, salt, etc., the latter were identified and 
classified according to their mincralogical composition and 
their age, t\g. granite, basalt, sandstone, marl, etc. 

Each rock was defined in respect of its texture, stratigraphical 
position, jointing, age, origin, and occurrence. In the case of 
composite rocks, the essenfiai components were distinguished 
from the accessory and the rock was classified solely upon the 
ground of the essential components. 

The rapid advance of petrographical knowledge during the 
first two decades of the nineteenth century was undoubtedly 
the direct result of Werner’s precise methods. ^ All observers 
during those decades gave marked attention to the determina- 
tion of petrographical features. Saussure’s descriptions of the 
crystalline massive and schistose rocks in the Swiss Alps can 
scarcely be surpassed. Monographs appeared from time to 
time on special varieties of rock. Faujas de Saint-Fond, for 
example, wrote a monograph on the “trap-rocks,” in which he 
showed how loosely this name bad been applied in the litera- 
ture, so that rocks of many different kinds were embraced 
under it. 

Ferber and Dolomieu investigated the volcanic products of 
Southern Italy. Desmarest, Faujas, and others examined the 
Egyptian porphyries and so-called basalts. Leopold von 
Buch introduced the name of gaiihv, and described ienette 
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lams and trap-porphyry (trachyte) in detail; while Hauy 
introduced the names of pegmatite^ dioriie^ trachyte^ aphanite, 
eiiphotide^ kptmiie, . 

Brongniart attempted a complete classification of rocks in 
1813, and introduced the terms diabase^ metapkyre^ psanunlie^ 
etc. Fleurien de Bellevue and Cordier made use of the micro- 
scope for the identification of the components in powdered 
specimens, but with little success. 

The advances made in these* early decades practically repre- 
sented the progress that could be attained by the use of 
Werner’s method. A new era began for this branch of geology 
when, in later years, the microscope was applied to the examina- 
tion of thin rock-sections by transmitted light. 

Very great interest centred round the origin of the massive 
crystalline and schistose rocks, and widely divergent opinions 
were held. The Neptunists thought that all rocks, with 
the exception of products from active volcanoes, were of 
aquedus origin. At first the Neptunists and Volcanists dis- 
puted only the origin of basalt, which Tobern Bergman, and 
afterwards Werner and his school, regarded as a sedimentary 
rock. Almost all French geologists had studied bt salt in 
Auvergne, Velay, Vivarais, or in Ireland, and adopted the 
view of Desmarest and Faujas de Saint-Fond, that basalt was 
a volcanic product. 

In Germany, Werner’s personal influence kept alive Nep- 
tunian doctrines even against sharp attacks like those of Voigt 
(p, 83). Not a few of the German geologists began to assume 
an intermediate position. Beroldingen tried to unite the 
opposite opinions by suggesting that basalt owed its origin 
to volcanism, but its form to water. The basaltic magma had 
solidified on the bed of the ocean, and its pillared, sheet-like, 
spheroidal, or crystalline form had been developed under the 
influence of water and hot vapours. In favour of this view, 
Beroldingen cited the local occurrence of Ammonites, Gryph- 
ites, and Belemnites in basalt. This observation was, however, 
afterwards found to have been erroneous. Yet in the course 
of his discussion, Beroldingen gave expression to many valu- 
able remarks about volcanic ejecta and the disintegrating 
changes undergone by volcanic rocks. C. W. Nosey an 
observer who greatly advanced the geology of the Lower 
Rhine provinces of Prussia, was of the opinion that basalt 
and porphyry originated as sedimentary deposits, but were 
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subsequently more or less altered, sometimes even .fused and 
rendered glassy or slaggy. 

When, after \\Vrner's death, his two inost famous ])U|-)ils, 
Leopold von Buch and Alexander von Iliimboldt, declared 
themselves in favour of ti^e volcanic origin of basalt, the 
defeat of the strict Neptunists was sealed. A Instorical account 
of the whole ([uestion of basalt, and the disputes between 
Neptunists and Volcanists, may be rqad in Keferstein's 
Contributkms to the History ami Kmnol€ii;e,c of Ba suit (oSu)}. 

But Neptunian doctrines still continued to be ata'rediied for 
granite, syenite, gneiss, and other nieml><?rs of the iiolo- 
crystalline series, Descartes, Leibnitz, and .Biifhai had cer- 
tainly explained the primitive earilvcrast as the result of 
cooling from a molten mass, but they had uKidt* no attempt 
to explain the origin of the various kinds of primitive rock. 
It was generally supposed that granite, gneiss, schist, porphyry, 
}.>honolite, and similar rocks were chemical |)rccipitates separated 
from a primitive ocean strongly impregnated with mineral sub- 
stances. Therefore Von Fichtel, writing in the end of the 
eighteenth century, showed an exceptionally enlightened spirit 
among^Gernian geologists wlien he included not only basalt 
but all granitoid, giieissose, schistose, and doleritic series as 
igneous in their origin. Fichtel distinguished two kinds of 
volcanic mountains— (i:?) those which consist of immense 
uniform masses, sometimes building up a whole mountain- 
chain, and if) those in which rocks of different constitution 
alternate with one another in a stratified way (lava, ashes, 
rapilli, etc.). He described the homogeneous masses as having 
risen without any violent phenomena of eruptic^, and having 
penetrated the crust at the places of least resistance j whereas 
the others were produced by successive eruptions, during which 
the ejected material gathered in conical form round the craters 
of eruption. 

But the great founder of the Plutonic school was James 
Flutton. According to Hutton, heat is the most powerful 
agent in the origin of rocks. The heat that pervades the lower 
horizons of the crust converts all rock-material into a molten 
magma. Under the superincumbent weight of the younger 
sedimentary rocks and the ocean, mineralogical combinations 
can take place wdiich would not be possii>le at the surface 
under conditions of normal pressure and rapid cooling, T'hc 
primitive schists and limestones have been produced from a 
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molten mass in this way ; grattite, porphyry, trap, basalt, and 
similar rooks were pressed up by subterranean heat, but did 
not reach the surface ; they were intercalated as subterranean 
eruptive niasfg:rs partially between pre-existing sedimentary 
rocks, or they spread as extensive sheets of rock-magma on 
the ocean -floor. Notwithstanding the strong support given to 
Hutton’s theory by his friends and adherents, Hall, Playfair, 
and Watt, the tlieo^y of the Scottish genius found little recog- 
nition in bis life-time. The Plutonic doctrines were slow to 
plant their roots in geological literature, and it was not until 
the third decade of the nineteenth century that they were 
universally accepted. 

— The first two decades of the nineteenth 
century, which were remarkable for the great advances in 
petrography, were less fruitful in the domain of paloeontology. 
In Germany, the Wernerian school was almost wholly absorbed 
in th« study of rocks, and the petrified remains of plants and 
animals were in a measure neglected. The splendid work of 
Walch and Knorr had been followed by Schroter’s Introduction 
to the Knowledge of Rocks and Rossi/s, the value of whieft rested 
chiefly upon its bibliographical merits (1774-84), 

The famous Gottingen zoologist, Blumenbach, published in 
1803 and 1816 two short treatises on fossils. He sub-divided 
fossils into four groups: (1) Fossils identical with existing 
species still represented in the same localities where the fossil 
forms existed; (2) fossils identical with existing species, but 
not with those at present inhabiting the particular localities 
where the fc^sils occur; (3) fossils indicative of some great 
climatic change in the localities where they are found — e,g.y 
cave-lion, rhinoceros, etc., which resemble but are not identical 
with living species; (4) marine fossils belonging to extinct 
species, and showing that the earth was once covered by the 
ocean. 

It seems surprising that such crude and superficial concep- 
tions of fossil groups should have been formulated by a 
zoologist of the reputation of Blumenbach, yet such was his 
fame that his opinions received far more attention than they 
deserved. « 

Baron Ernst von Schlotheim (1764-1832) was one of the few 
adherents of Werner who devoted himself to the study of 
fossils. His first work, published at Gotha in 1804, was a 


126 inSTORV OF' GEOLOGY- AXO PAf.J'OXlTiLOGY. 

monograph of the plant impreseions in the C arl’ioiiifepra:^ funria* 
tioa on the Thuringian districts, and was quite the hast work 
on fossil plants that had appeared. Hchlotlieiiii r'OiicUided 
that, in spite of the resemblance between tiie tree finis af the 
Carboniferous formation and certain iuisl Indian and American 
ferns, the fossil types belonged to exlint:l gviiiia am! >p,;cies*. 
The same was, he said, true, for the other forms of Carbon- 
iferous plants, and it was possil.de that thy fossil llora of the 
Carboniferous epoch representeO a re/>e//r 
vSchlotlieim left it an open question whether, in this case, the fossil 
genera had died out, or whether their desci'ndants had become 
so much modified that they could scarcely he recognised as 
such. 

Schlotheinds later work, his Peirtjakknkiimit\ piihlLsIu’d in 
1820, enumerated, and described the fossil specimens in his 
private collection. At the same time, in its pun it formed a 
continuation of his previous work, and tlu; fifu^en quarto plates 
of the Carboniferous flora were incorporated, togeilien with 
twenty-two new plates, to illustrate the larger work. The 
plates were admirably carried out, and the specimens, which 
include^l all types of animal life, were for the first time in 
Germany named according to the liimwihti nomethiaiure. 
Hence the work has had a permanent value in literature, 
although it is true the descriptive text is oflui insufficient, and 
a species can be identified only by comparison with Schlot- 
heim^s originals, •which have been preserved in the Berlin 
Museum. 

Faujas de Saint-Fond’s ■^vorks on fossil organisms can scarcely 
be compared with those of Schlotheim. The first volume of 
h\s Essay m Geaiagy (Pari^, 1803} is devoted almost exclu- 
sively to fossils. But he held the narrow, antit]uaied opinion 
that the great majority of fossil forms represented existing 
species of plants and animals, while the few forms for which 
no living analogues were forthcoming probably belonged to 
species now living in unexplored portions of the globe. 

♦ Defiance was one of the most industrious and careful of the 
early palseontographical annotators. In his Skefck of FmsU 
Organisms (Paris, 1824) he gave a short account of all known 
fossils, with accurate mention of their localities and state of 
preservation. Between 1816 and 1830 he contributed to the 
Dictionary of Natural Science numerous treatises on fossil 
foraminifers, corals, molluscs, annelids, and echinids. 
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In England, with the exceptions of Woodward’s “Catalogue” 
of the , collection 110^% preserved in Cambridge, there was no 
general work on fossils. James Parkinson tried to supply this 
deficiency in hit work, Orgafik Remains of a Former World 
(1804-11) ; the epistolary style was selected as the most easy 
of comprehension, and the most likely to stimulate popular 
interest in fossils. The first volume gave in forty-eight letters 
a short history of palaeontological knowledge, an account of the 
various views about fossils or “"Medals of Creation ” (a name 
which Parkinson and others had adopted from Bergman), 
and a discussion of the surface forms and physical constitution 
of the earth. Peat, lignite, brown-coal and coal, buried woods, 
bitumen, etc., were then described according to their pro- 
perties, their mode of occurrence, state of preservation, and 
the changes they had passed through. The various fossil 
woods, leaf-impressions, ferns, stems, branches, and fruits 
belonging chiefly to Carboniferous and Tertiary times were 
enumarated and compared with existing types ; nine coloured 
quarto plates complete this volume. 

Parkinson shared in great measure the older conceptions of 
the “ diluvialists ” about the origin of fossils; the com|«irison 
of fossil and living forms, which he carried out in collaboration 
with the botanist, J. Edward Smith, led him to the conclusion 
that the most of the fossil plant types were the products of a 
warmer climate. Parkinson unfortunately made no attempt to 
identify the fossil plants according to genus and species, nor 
did he use the Linnaiian method of nomenclature. Hence his 
work on fossil plants is distinctly behind the almost con- 
temporaneous«!publication of Schlotheim. 

The second volume treats of corals, sponges, and crinoids, 
and comprises twenty-nine letters; and nineteen plates. The 
Limia^an method of nomenclature was introduced into this 
volume, but was not carried uniformly through the work. 
In the third volume, with 22 plates, Parkinson had the 
advantage of fuller reference literature. He could refer to the 
works of Klein and Leske on Echinoderms, to the writings of 
Lamarck on Molluscs, to the result of Cuvier’s investigations 
on Vertebrates. We And the author’s views considerably 
expanded in this volume, wherein he becomes more and more 
convinced that numerous fossil species belonged to extinct 
forms of life. Moreover, the influence of William Smith’s 
researches had spread amongst English geologists, and taught 
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them the chronological succt'ssion of the strata. Parkinson 
finally expressed his belief that the Mosaic account of ( 'reation 
could only be accepted in its general intent, that the '‘days'' 
of the Biblical account in reality indicated ver}^iong periods of 
time in the development of the earth. A summary of Parkin- 
son^s work was afterwards published under the title of OailfHc 
<9/ (London, 1822). 

While these were the more representative works on paheon- 
tology which appeared in Germany, France, and Plngland 
during the early decades of last century, numerous pa[)ers on 
special fossil genera or local faunas were publislied in scientific 
memoirs and" journals. A few of the more important works 
devoted to the various animal types may !)e mentioned. 

In the class of Protozoa, fossil N'^rnmnHfes had l)een known 
to the ancients. Herodotus had mentioned tln*ir octairrence 
in Egypt, and Strabo had compared them with lentils. Gonrad 
Gesner (1565) described the first Nummulites known in 
Europe; they were found in the neighbourhood of Paris, and 
referred to the Ammonites. Aldrovandi regarded them as 
sports of nature, and Kircher described them under the name 
of ‘‘caraway*^ or^Ycummin^' stones. Good descriptions and 
illustrations of Swiss Nummulites ■were given by Scheuchzer 
and Lang, and after that time they were included in all 
collective works on fossils under various names — discoliths, 
helmintholites, helicites, nummulites, ienticulites. Special 
papers were written upon them, but authors failed to arrive at 
any clear understanding about their zoological position. As a 
rule they were associated with Nautilus and the Ammonites, but 
they were sometimes regarded as worms (De SSussure), or as 
tlxe inner shells of molluscs (Forti.s, De Luc). 

In 1711 J. B, Bcccari ^discovered the first small fossil 
foraminifers in the Tertiary sand of Bologna, and compared 
them later (1731) with the small shells found by Janus Planchus 
(Bianchi) on the beach of Rimini. In 1791 Soldani published 
his excellent work on the foraminifers from the Tertiary strata 
of Siena; the figures show the specimens many times enlarged. 
Fichtel and Moll prepared a monograph, with twenty-four 
coloured plates, showing all foraminifers known up to 1S03, the 
date of publication, and Batsch gave a number of clear illustra- 
tions of different genera and species. Nothing was known about 
the soft parts of the foraminifers; the whole literature confined 
itself to the description and classification of the shells. 
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Good illustrations of spojiges appeared in the pictorial works 
of the seventeenth and eighteenth centuries, but they were 
generally termed pelagic plants or fruits, or were included with 
corals and bryq^oa, under such names as corallioliths, alcyonias, 
fungites. 

Guettard was the first to publish a more detailed investiga- 
tion of fossil sponges. His researches were not confined to 
the description of external features, but made a careful note of 
the inner construction, the danals and openings. At first 
Guettard rightly compared the fossil specimens with existing 
sponges, afterwards he placed them with corals, but ultimately 
returned to his first idea that they were sponges. His treatises 
are accompanied by good figures, and undoubtedly rank as the 
best contributions to the older literature. Parkinson included 
the fossil sponges with alcyonarians ; he gave careful descrip- 
tions and very good illustrations of a number of Cretaceous 
and Jurassic forms, but made no attempt at systematic treat- 
ment p in his later, smaller work, Parkinson compared some 
forms with sponges, others with alcyonarians, and Schlotheim 
took much the same standpoint. 

Fossil corals were figured by Knorr and Walch, md by 
most of the early writers on palasontology. Linnaeus gave 
the Silurian coral fauna of Gothland to one of his students, 
P'ougt, to be described, and Guettard published detailed works 
on fossil corals from the Dauphine and other parts of BVance. 
The fine illustrations of Parkinson represented more especially 
the coral types of the older strata in England and Scandinavia, 
Schlotheim also described a large number of species under the 
vague generic titles of Fungites, Porpites, Hypurites, Madre- 
porites, Milleporites, and Tubiporites. On the whole, the 
study of fossil corals was limited tj) external features; little was 
known about the organisation of recent corals, and the syste- 
matic arrangement had no secure basis. 

The knowledge of crhioids had reached a more favourable 
stage of advancement. The older authors in the sixteenth and 
seventeenth centuries occasionally figured the stems and crowns 
of crinoids under the terms of trochite, entrochite, encrinus, 
pentacrinus, or under such popular term's as fossil '‘wheels,’^ 
“ lilies, ‘^pennies,” etc. The classificatory position of fossil 
crinoid remains continued, however, quite indefinite lintil 
Rosinus in 1718 demonstrated their affinities with existing 
representatives of the Enryakcc, an Ophiuroid family. Rosinus 
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in his treatise proved conclusively that the fossil crinoicl stems 
were not independent individuals, as had been erroneously 
supposed, and gave complete representations of several genera, 
more especially of the genus Encrinus. 

The first example of a living Petitacrinus came from Mar- 
tinique, and was described by Guettard, wlio fully recognised 
the relationship of the recent species with earlier forms in the 
Liassic and Jurassic strata. 

Schulze and Parkinson adddd valuable data to the investi- 
gation and relationship of sea-lilies, as the crinoids were 
commonly designated; while Blumenbach classified them in 
near relationship to the ophiuroids (brittle-stars) and asteroids 
(star-fishes). But the founder of the more scientific literature 
of crinoids was Miller of Danzig, who published in 1821 
his famous work, A'^aturai IJisiory of the Crinouiea or iify- 
shaped A?umals> Miller not only gave admirable descriptions 
of a number of previously unknown species from the (kirbon- 
iferous limestones of Ireland and the Upper Silurian limeKones 
of Dudley, but also proposed a clear terminology for the 
individual parts of the calyx, the arms, and the stem or 
coluniF^. 

In the case of the important class Echinoidm (Sea-Urchins), 
contributions to the literature of fossil and existing forms 
practically kept pace with one another. The first systematic 
treatment of the Echmoidea was published as early as 1732 by 
John Philip Breyn of Danzig. In his work all known living 
and fossil forms were grouped under seven genera. Two years 
later Klein^s Disposiito Eckinodermatum appeared, and Leske 
in 1778 prepared a second and enlarged edition ef this impor- 
tant work. The Klein-Leske classification recognised twenty 
genera, the names of which l^ive only been partially continued 
in the literature. The works of Breyn and Klein have both 
sustained their reputation in zoological and palxontological 
literature. 

Fossil molluscs were always awarded a large amount of 
attention owing to the remarkable number of species, the wide 
range of distribution and favourable preservation of the shells. 
Fossil cephalopods were figured in the older works of the 
seventeenth and eighteenth centuries, as a rule under the 
names of belemnites, nautilites, ammonites, and orthoceratites. 
The Gastropods or Snails were sub-divided into numerous 
genera of somewhat indefinite characters— Dentalites, 
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Patellites, Volutites, and others; the Mussels or Gonchifera 
with which Brachiopoda and Cirripedia used to be included, 
were grouped under various generic names — e.g.^ Myacites, 
Tellinites, Pectin ites* Gryphites, etc. Brachiopods were termed 
^'conchfe anomite” or Anomites,’^ following the precedent of 
Fabio Colonna. 

The Sysiemaik ConcJioIogy of Denis de Montfort (1808-10) 
contained several new genera, chiefly of cephalopods, but the 
descriptions were extremely meagre. The more meritorious 
work of Bruguib'es, in the Encyclopedia Mkthodique^ on 
living and fossil molluscs and brachiopods, was unfortunately 
cut short by the premature death of the author, 

Lamarck^ w^as the great reformer and founder ot scientific 
conchology. He published in the Aimaks du Museum a 
monograph of the Tertiary mollusca of the Paris basin, with a 
good series of plates ; and in his Natural History of Inverte- 
brate Animals he defined the numerous genera and species of 
invertebrate animals with masterly skill and precision, and laid 
down, more especially for mollusca, a systematic basis which 
held its place for several decades. 

Another work, almost as important for the knowltdge of 
fossil mollusca, although of far less scientific depth than 
Lamarclds, was the Mineral Conchology of Great Britain^ 
begun by James Sowerby in the year 1812, and completed by 
his son, James de Carle Sowerby, between 1822 and 1845. 
It is an illustrated catalogue of all the fossil mollusca occur- 

^ Jean Baptiste de Monet, Chevalier de Lamarck, born 1744 at Buz- 
antin, near Bapaume (Somme), distinguished himself early in the army 
career which he^had chosen, but was wounded and had to take up another 
calling; he then studied medicine, working in a bank to provide a means 
of livelihood, and devoted himself with enthusiasm to botany, physics, and 
chemistry. In 1773 he published a Flo 7 'a,m 177S was appointed 
Custodian of the Botanical Gardens, and when he was in his fiftieth year 
was elected to the Professorship of Zoology in the Museum, an appoint- 
ment which he held until his death in 1829. In 1801 he published his 
System of Invertebrates, and between the years 1815-22 his greatest work, 
the Naittral IIisto 7 y of Livertehrate Anwials. A second edition of this 
work appeared in 1836, with additions by Deshayes and Milne-Edwards. 
In his PhUosophy of Zootogy, Lamarck gave all the weight of his know- 
ledge and experience to the support and elucidation of the Theory of 
Descent and Specific Variation. As is well known, Lamarck held that 
acquired characters could be transmitted to descendants, and become per- 
manently established in the race. These ideas met at first with great 
opposition, and only received support in more recent years. Plis ad- 
herents at the present day form the so-called Neo- Lamarckian school. 




132 HISTORY OF ■GEOLOGY 'AND^ PA LA- ONTOLOGY. . , 

ring in Great Britain. The rsix volumes appeared in pa:ts, 
and comprise 604 cleverly-drawn coloured plates with ex- 
planatory text. The material is not arranged in any systematic 
order, tlie descriptions and figures have ciearly, been pri*pared 
in the succession in which the spetadnens came into tlic 
hands of the authors. A work of this character could not 
have a very high scientific value, yet both the Sower! lys 
were indefatigable collectors, good conchoh-igists, and expert 
draughtsmen, and their work did imicii to advani:e the slmly 
of fossils. 

Among the monographs that ap[)earcd about this time, one 
of the best was J. C. M. Reinerke's iif ike 

Ammoniies oaurrlng in Cokurg and Jkwhvnia ( i H 1 8), a work 
describing and figuring forty species of cephaiopoils from the 
Jurassic and I'riassic limestone.s of that anuc Another valu- 
able local work was that of Brocchi on thti 'Tertiary molliisca 
of Italy, Conchy iu)hgm fosslie sukapenu'jja (Milan, i8n). 

Very little was known about fossil Ar/krn/t?Js up to the 
year 1820. PMssil crabs had been found in the lithographic 
shales of Bavaria and the Tertiary strata of Upper Italy and 
Tranepebar ; trilobites had been found in Jhigland, Sweden, 
and Bohemia, and occasionally insects had been recognised 
and figured in the older palmontologica! works. But no 
thorough scientific investigation of any group of arthropods 
had been undertaken. 

Fossil Mskes play a not unimportant rCde in the history of 
geology and palasontology. The teeth of sharks had led 
Palissy and Steno to correct conceptions about the significance 
of fossils, and the early observations on fosril teeth were 
incorporated in ail great works on the rocks. Nlost of the 
names given to them were fenciful— ‘‘serpents’ tongues,” 
“birds’ tongues,” “swallow stones”; of the more learned 
terms, “glossopetra” and “laiiiiodonta” were the most usual. 

Impressions and skeletons of fishes were sometimes found 
in an excellent state of preservation in the copper slate of the 
Mansfeld district, in the Jurassic shales of Solenhofcn and 
Eichstatt, the calcareous marls of Oeningen, the lilack slate.s 
of Glarus, the Tertiary calcareous shales of Nlonte Bolca, and 
in 9ther localities. Volta published in 1796 a splendidly 
illustrated monograph of the fossil fishes of Monte Bolca. 
Faujas de Saint-Fond, in his Essay on Geology, and later 
Blainville in hhs Dictionary of Natural IJisiory (1818), gave a 


INTRODUCTION. 1 33 

summary of the known species df fossil fishes and the localities 
ill which they occurred. 

Few specimens o/ Amphibians had been discovered; the 
famous “ Andr’as ” of Scheuchzer and a few remains of frogs 
in the Oeningen beds were almost the only representatives 
known hi the literature. 

Reptiles also were only known by rare specimens. Ichthy- 
osaiirian vertebras from the Liassic strata of England and 
Altdorf had been figured by Lhiuyd and Baier as fish vertebrie, 
whereas Scheuchzer had taken similar specimens from Altdorf 
for human vertebrae. Sir Everard Home gave the first de- 
scription of an ichthyosaurian skull from the Lias of Lyme- 
Regis under the name of Proterosaurus {Philos, Trans, ^ 1814). 

One of the most ancient reptiles, the Triassic Proterosaurus 
from the copper slate of Suhl, had been found as early as 
1706, and in 1710 had been assigned to the group of croco- 
diles;. a second specimen was again described in 1718 by 
Linck’'as a crocodile, but Kundman thought it bore a stronger 
resemblance to lizards, and this was the view afterwards con- 
firmed by Cuvier. 

True crocodile remains were mentioned by Collini frcfln the 
Liassic strata of Altdorf, and by Faujas de Saint-Fond from 
the Upper Jura of Flonfieur and Le Havre and the Tertiary 
rocks of the Vicentine. In the Upper Lias of Whitby a full 
crocodile skeleton (Teleosaurus) from five to six feet long was 
seen by Chapman and Wooller, but only a few of the vertebrae 
could be saved entire {Philos, Trans. ^ vol. 50), 

The discovery of a Mosasaurus skull in the Cretaceous tuffs 
of Petersberg," near Maestricht, has already been mentioned, 
and its identification by Cuvier as a lizard {ante, p. 107). 

A great sensation was produced# when, in the Jurassic shales 
of Solenhofen, a complete skeleton of a perfectly preserved 
small saurian was found with wing-like appendages. Collini 
described and figured it as an unknown marine animal of 
doubtful zoological affinities. Blumenbach regarded it as a 
water-fowl, but Cuvier recognised the skeleton as essentially 
reptilian in structure, called it Pte?'odactyius, and described it 
as a flying reptile. Although Cuvier had given convincing data 
for this conclusion (in his Researches on Fossil Bones, vol^iv., 
1812), Hermann and Sommerring explained the skeleton as 
that of a mammalian genus allied to the bats. The original 
specimen is now in Munich Museum. 
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All known fossil reptile forftis were included by Guvier in 
his Rt'searches^ and were fully discussed by Inm in re>}>eet of 
their own characteristic features, and their affniilics to livifig 
genera. 

Amo\y^ iossxl Mammalia the teeth and bones of elephants 
first attracted attention and gave occasion to various hypr*- 
theses. Fossil ivory and large bones were known to the 
Greeks and Romans; Suetonius reported on fossil *\eiant 
bones in the Museum of Emperor Augustus at Capri, which 
probably were remains of fossil elephants. Kircher ami many 
other authors in the Middle Ages mentioned the occurrence <,>f 
elephant remains in different parts of Italy. A whole skideion 
was unearthed at Crussol in the Rhone ^'alley in 145b, and a 
second in the Dauphine in 1613. Thu latter won great 
notoriety. A surgeon, M'azurier, .said it was the skelctun of 
Teutoboehus, King of the Cimbers, and made money by the 
display of individual bones in Paris and other cities. It then 
became the subject of a heated controversy between Ll'^bicot 
and Riolan; Habicot holding the bones to be those of a man, 
Riolan asserting the bones w’ere those of an elephant. As 
time wT;nt on, frequent discoveries of large bones were made 
in France, Belgium, and Germany. 

The skeleton found at Burgtonna in 1696 was one of the 
most famous discoveries, as it gave rise to a disunite between 
Ernst Tentzel and the medical faculty in Gotlia. The 
other professors saw in the large bones only sports of nature, 
but Tentzel proved to their discomfiture that the bones were 
real, and had belonged to elephants. In 1700 a bed of fossil 
bones was observed near Cannstatt, rontainiifg astonishing 
numbers of elephants’ teeth, some of which have been pre- 
served in the Stuttgart Museum. Pallas had made known the 
occurrences of mammoth bones in Russia and Siberia ; and in 
1796, Cuvier summarised all the previous literature on this 
subject in a brilliant treatise on fossil elephants. lilumen- 
bach was the first author who distinguished the fossil elephant 
or Mammoth” under the term from the 

two existing species. 

Another fossil mammal which received consideralile alten- 
tioi>was the woolly-haired RAiizioceros antujuifa/is or tichori- 
num. Pallas had in 1772 described a completely preserved 
carcass with hide and flesh in the frozen ground of Siberia. 
Skulls and other remains of this species were also found in 
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the Rhine Valley. Faujas de Saint-Fond tried to prove, in 
opposition to Cuvier and Blumenbach, that these were identh 
cal with the bones of species still existing in Africa. 

The Franco»ian caves were examined by Esper and Rosen- 
mliller, and the mammalian remains found in them were 
thoroughly investigated. The remains of Mastodon and 
Megalonyx, as 'well as other gigantic mammalia of America, 
were quite well known to Buffon and several writers in the 
eighteenth century. 

But almost all publications on fossil mammalia had been 
founded on a very insecure scientific basis, and had not 
attained to any satisfactory result regarding the affinities of the 
fossil to the living forms. It was the creative genius of Cuvier^ 
that erected Comparative Anatomy into an independent science, 
and defined principles upon which the investigation of fossil 
Vertebrates could be carried out with accuracy. 

Cuviefs papers on fossil Vertebrates, which originally 
appeared in the Annales du Museum^ were collected in 1812 
and compiled into a separate work, the papers being arranged 
merely in the order of their publication, 

Cuvier’s Researches on Fossil Bones was published as^a four- 
volume work. The first volume contains the famous “Pre- 
liminary Discourse,” which was really written later than the 
contents of the other three volumes, although all were published 
together in 1812. The “Discourse” was frequently altered by 
the author, and ran through six editions. It will be more fully 
discussed below. The second volume of the Researches begins 
with some remarks on the sub-divisions of the Fachyder?nes 
(Cuvier) Ungulates^ and on the deposits in which their 

fossil remains occur. The account of the Fachydermes is 
followed by a series of studies on. the comparative osteology of 
Hyrax, the fossil and recent walruses, hippopotami, tapirs, 
and elephants, also the extinct genus Mastodon. The text 

^ Loop. Chr. Friedr. Dagobert Georges Cuvier, born on the 24th 
August 1769 in the town of Mompelgardt (Montbeliard), which then 
belonged to Wurtemberg, was educated at Stuttgart in the “ Karl Schule.’* 
In 178S he became tutor to Count d’Hericy at Fiquainville (Calvados); in 
1795, Professor at the Central School in Paris; in 1800, Professor of 
Natural History at the College of France; in j8o2, Professor of Anatomy 
at the Botanical Garden. lionours were richly showered on him: ift 1814 
he was made a Councillor of State; in 1819, Chief of a Department in the 
Home Office with the title of Baron; and in 1831 a Peer of France. He 
died on the 13th May 1832. 
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gives clear indication of the tfonstriiciivtf niud^t.nls iulopird Ly 
the great anatomist. We follow him in his aitempis tu itU-nliiy 
the remains of fossil mammalia by romiyiriM^n with existing 
mammalian species, and we realise with him thi* necessity nf a, 
thorough examination of the bony skeleton nf rxisimg nuun- 
mals before such a comparison can be efiecied.. ( hivier’s style 
is clear and concise, and he has the gift of viviii descripliiui. 

Eleven fossil species from the Pieislocene deposits of EurotH.', 
Asia, and North America are descrilKa! in the secotid voKiinc : 
a rhinoceros, two hippopotami, two tafurs, an elephant, and 
five mastodons. With the exception of the mastodt>ns, all the 
species belong to genera whic'h still exist in the trvjpics, 
but the geographical distrilntlion of the Ikaiiary and the 
present species is very different. I’lnu’e may be a dutdoi in 
the case of t!ie larger hippopotamus speeies ( 
major) whether tlie fossil and the pre-Siml forms are 
specifically distinct, but in the otiior cases there can lui no 
doubt that the forms belong l<i extinet species. « 

Cuvier makes these points clear, and pr<u’eeils to show that 
from the condition of the bones they cannot have been 
transpmted from any great distance, but lliat the animals must 
have iived In the locaiiiies rc/zc/r I lair hints aro /fmnd, Idence 
these remains afford proof that the temperate zones were, in 
the period immediately antecedent to the presenU inhabited 
by a terrestrial fauna whose nearest allies are now confined to 
tropical climates. 

The third volume contains chiefly tlic description of the 
vertebrate remains which occur in Upper ICocene gypsiferous 
marls, in the vicinity of Paris. One or two skeletons 

were found entire, and most of these remains found in the 
Paris gypsum beds were in a.good state of preservation. Put 
in many localities the mammalian remains occurred in pcjor 
preservation, and were irregularly distributed as confused 
heaps, or beds of bone fragments. It was in arranging such 
ill-assorted accumulations of bones belonging to different 
epochs that Cuvier achieved his most astonishing successes, 
and verified liis laws of the correlation of parts. The iiv 
vestigation of certain scattered remains of very frt‘r|uent 
occurrence led him to the determination of two extinct g«uiera, 
Palmotkerium and Anopi&iherhim. After he luid ascertained 
the skull and teeth, Cuvier kept constantly comparing the 
other bones with those of existing genera — tapir, rhinoceros, 
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horse and camel, — and was finally*able to restore the skeletons 
of these extinct genera. Then it became evident that both 
genera had comprised several species, and gradually the 
fossil remains othe*r genera intimately allied to these were 
discovered in the IMiddle and Upper Eocene strata at Issel 
(Aude), Buchsweiler (Alsace), and in the Upper Eocene 
marls in various localities. In the same way as he had 
investigated the Ungnlaia, Cuvier also investigated fossil 
remains belonging "to Carnivora, and determined their 
relationship with living representatives. 

Cuvier was wholly convinced of the unerring accuracy of 
his comparative methods. It is told of him that on one 
occasion when a fossil skeleton came into .sight in the Paris 
gypsum layers, he at once declared it to belong to the genus 
Didelphys, an American opossum. A number of his colleagues 
were sceptical of this, and in order to prove it, Cuvier indicated 
the exact place where the characteristic marsupial bone on the 
pubis nought to be found in the rock, and in presence of his 
colleagues worked out the part from the surrounding rock, and 
displayed it to their astonished eyes. 

The third volume concludes with the description of a 
number of bird, reptile, and fish remains. The fourth volume 
contains treatises on the remains of horses, pigs, and 
rodents in the Pleistocene deposits and bone breccias of 
Gibraltar ; on Carnivora in the bone caves of Germany and 
Hungary ; on some genera of the Edentate Order, Bradypus, 
Megalonyx, Megatherium; on Sirenia or “sea-cows^’; on 
‘‘sea-dogs’' of the Phocidfe family of the Carnivora; and 
finally, a survey of all known fossil reptiles. In this as in 
the other volumes, every chapter on fossil types is preceded 
by an exhaustive exposition of the, structures of allied living 
forms. 

In the whole literature of comparative anatomy and 
palasontology there is scarcely any work that can rank with 
this great masterpiece of Cuvier. It passed through four 
editions, each edition containing additional chapters. The 
last (1834-36), edited by his brother Friedrich Cuvier, consists 
of ten volumes of text and two volumes of illustrated plates. 

The “Preliminary Discourse” of the first volume later bojre 
the title of “ Discourse on the Revolutions of the Surface of 
the Globe,” and was translated into several European languages. 
In it Cuvier gives expression to his views on the origin and 
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changes of the earth, on th« relations of fossils to the present 
creation, and on the whole sequence of life in the course of 
geological epochs. 

The Discourse begins with a demonsfratio^ that the surface 
of the earth has been devastated from time to time by violent 
revolutions and catastrophes. Cuvier argues that these took 
place suddenly, from the evidence of the flesh carcasses of 
mammalia in the gravels of Siberia, as well as from the 
accumulations of pebbles afld debris which are present at 
certain horizons of the stratigraphical succession, and may be 
assumed to indicate epochs of violent movement in the 
former seas. Thus the development of organic life was 
frequently interrupted by fearful catastrophes, which in the 
earlier epochs extended over the whole surface of the globe, 
but latterly became limited to smaller areas. Countless living 
creatures fell victims to these catastrophes ; they vanished 
for ever, and left only ‘‘a few remains scarcely recognisable by 
the scientific investigator.’’ 

A discussion of the natural forces which at the present day 
affect earth-surfaces leads Cuvier to the conclusion that these 
are f)tot sufficient to explain the great revolutions of past 
epochs in the earth’s history. The present agencies of ice 
and snow, running water and the ocean, volcanoes and 
earthquakes, together with disturbing astronomical con- 
ditions, are passed in review, for the purpose of demonstrating 
the insufficiency. Then Cuvier recalls the often ridiculous 
theories that philosophers and geologists invented in their 
endeavour to arrive at some adequate explanation of the great 
transformations of life and climate on the globe. He 
recognises the value of the mineralogical work of Saussure 
and Werner, but complaips of the small share of attention 
bestowed by these geologists and their contemporaries upon 
fossils and the distribution of fossils in the rock-strata. Yet, 
in his opinion, it is the study of the fossilised remains of 
former faunas and floras which alone can give enlightenment 
about the earth’s past, the number and order of its revolutions, 
and the history of creation. 

He regards the remains of four-footed animals as especially 
v|luable, since in their case the question whether they 
belong to extinct or living genera and species can be more 
definitely determined than in the case of the lower animals. 

- Even in the days of antiquity men knew fairly well all the kinds 
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of fonr-footed animals on the globe, and at the present day 
there is little chance of new living species being discovered 
Certainly the incompleteness and often poor preservation of 
the fossil remains of land mammals offered obstacles to exact 
identification. But they could be surmounted with the help 
of the laws of correlation enunic^ed by him, according to 
which all the individual parts of an organism stand in a 
definite morphological relationship to one another, so that one 
part could not undergo a change without a corresponding 
modification taking place in the correlated parts. 

Summarising the results of his own researches on fossil 
bones, Cuvier shows that these occur in strata of different age, 
that the fishes, amphibians, and reptiles existed before 
mammalia, that the extinct genexa(I^a/cwf/ierm?H, AMOpMiern/mj 
etc.) occur in older strata than the forms belonging to living 
genera, and that the few fossil forms which differ little from 
living species are restricted to the very youngest deposits in 
river allbvium, marshes, caves, etc. 

The exact investigation of fossil mammalia gives, according to 
Cuvier, no ground for the Lamarckian conception that the forms 
still existing have been produced by gradual modificatiofts of 
the forms that had previously existed. On the contrary, 
Cuvier’s conception was that specific features are constant^ aftd 
7 ‘ematn so even in domesiicafed breeds. 

Regarding the length of period during which man has ex- 
isted on the globe, Cuvier points out that no human remains 
have been found along with the latest accumulations of four- 
footed animals in Europe, Asia, and America, and that in all 
probability man^did not make his appearance in those parts of 
the globe until after the last great world catastrophe. And 
although no exact determination the time is attainable, 
Cuvier calculates from data of the rate of increase in sand- 
dunes, in the thickness of peat deposits, and river deltas, that 
the last great earth’s revolution took place not more than 
5000 or 6000 years ago. Large parts of the terrestrial sur- 
faces of the globe ’were then submerged, and the floor of 
the former ocean was in many places upraised and re-con- 
stituted as islands and continents. Some few human beings 
who were not destroyed during this catastrophe wandered iuto 
the new lands and multiplied, founded colonies, erected monu- 
ments, collected facts of natural history, conceived scientific 
systems. 
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In conclusion, Cuvier dfaws attention to the rudimentary 
state of scientific knowledge regarding the vSecondary rocks and 
the fossil organisms contained in theqi. ‘^How glorious it 
would be if we could arrange the organised^ products of the 
universe in their chronological order, as we can already do 
with the more important mineral substances 1 I'he knowledge 
of the order of successive forms of life would teach us about 
the organisation itself. The chronological succession of organ- 
ised forms, the exact determination of those types which 
appeared first, the simultaneous origin of certain species and 
their gradual decay, would perhaps teach us as much about 
the mysteries of organisation as we can possibly learn through 
experiments with living organisms.'^ 

When we at the present day pass in retrospect the contents 
of Cuvier’s famous ‘‘ Discourse,’’ it is easy for us to perceive 
that the great anatomist was not familiar with the more ad- 
vanced geological thought of his own time. The works of 
William Smith were apparently unknown to him, ecjually so 
the researches of Lehmann, Fichtel, and other of the best 
German stratigraphers. In the structure of mountain-systems, 
his fiews differ little from those of Buffon, Pallas, and Saus- 
.sure. What is new is that Cuvier demands a great number 
of catastrophal revolutions, and he assumes that the earlier 
catastrophes were more widespread in their effects than the later. 

In supposing that an invasion of the sea was the immediate 
cause of the interment of mammalia in the youngest clays and 
gravels, Cuvier entirely misses the significance of the fact that 
these are for the most part of fresh-water origin. Again, his 
calculation of the age of the latest revolution ind the appear- 
ance of man in the northern hemisphere betrays a geological 
standpoint as narrow as De Luc’s or Kirwan’s. But what was 
a far more serious disadvantage to science was that a man of 
Cuvier’s anatomical insight and prescience should deny any 
genetical connection between the earlier organisms and those 
now living. Cuvier’s erroneous convictions on this point 
exerted an enormous influence, and it is not too much to say 
that they retarded the progress of the evolutionary aspect of 
palaeontology for several decades. 

JBut Cuvier, by his teaching of the comparative methods, 
placed all-powerful tools in the hands of scientific men. His 
greatness rests upon the magnificent work that he accomplished 
in the domain of the Vertebrates, upon the scientific method 
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which he founded for the identification of fossil bones, and 
upon his successful demonstration that the primeval mammals 
were not mere varieties of livin'g forms, but belonged to 
extinct species an^ genm. 

As BulTon had done twenty years earlier, Cuvier likewise, 
by his commanding personality, attracted many to the study 
of geology and palEeontology, and instilled enthusiasm into 
a large circle of his^ more intimate friends and scientifiG 
disciples. Others had shown hoV important fossils were for 
an understanding of the stratigraphical succession. But 
never before Cuvier had the significance of fossils been so 
energetically brought forward as a means of arriving at a true 
appreciation of animal skeletal structures, and of building up a 
history of the whole animal creation. Thus Cuvier largely 
contributed to the rapid progress that was made during the 
next quarter of the century in the detailed investigations of 
fossil organisms and their stratigraphical position. 

It is mot surprising that Cuvier^s Catastrophal Theory, 
which afforded a certain scientific basis for the Mosaic account 
of the “Flood,” was received with special cordiality in 
England, for there, more than in any other country, theolo^cal 
doctrines had always affected geological conceptions. Many 
of the best known English geologists— Greenough, Babbage, 
Sedgwick, and others — considered the “ Flood ” the latest of 
Cuvier’s “ World-Catastrophes.” 

The most argumentative and influential member of this 
party was Professor Buckland. He published in 1823 a 
work entitled Reliquice diluvfance ; or^ Observations on the 
Organic Remain contained in Caves, Fissures, and Diluvial 
Gravel, and on other FJmiomena attesting the action of a 
Ufiiversal Deluge. In this work Buckland showed that the 
majority of the Mammalian remains found in the caves and 
fissures belonged to the same genera and species as those 
which were found in the superficial gravels and clays. The 
latter he sub-divided into a lower or “ diluvial ” series and an 
upper or “alluvial” series comprising recent river and lake 
deposits. He emphasised the wide distribution of the diluvial 
deposits, and the fact that some of the animals interred in 
them belong to extinct species, others to existing special?, 
and concluded that these deposits had been laid down by a 
universal deluge at no more remote date than a few thousand 
years ago. 



142 HISTORY OF GEOLOGY AND PAL/LON lOLOGY. 


Text-hooks and Handbooks of Geognosy and Geology. The 
Text-books of Geology which appeared during the period 
between 1 7QO and 1820 showed an iraproireinent oil 


the 


speculative works of the preceding periocjs by their more 
^ rr ... .......i.. They may be taken 


contemporary knowledge on 


geological 


matter-of-fact treatment of the subject, 
as a standard of 

subjects, and deserve special mention. 

Most of the German text-books dujing this period were 
simply repetitions of Werner's teaching. As a rule mineralogy 


and'^geognosy were combined in the larger text-books, but in a 

-.w « /K. ^ TtToc ■hltcKprl <;pnnrntf‘lv. Voi^fPs / 


few cases geognosy was published separately. VoigPs Fnictiaii 
Knowledge of Mountains (Weimar, 1792) was one of the best 
known, and it differed from WernePs teaching on several 
important points, such as the origin of basalt and the causes 
of volcanism. On this work Dietrich L, Cx, Karsten in great 
measure based his Mttieralogical Tables (1800), which had a 
wide circulation. 

The most complete and trustworthy text-book c founded 
on Werner’s teaching was that by Franz Ambros Reuss 
(Leipzig, 1 801-6), in which six volumes are devoted to 
miifealogy and two to geognosy. The first volume of the 
geognosy or geology begins with a short introduction on the 
compass and domain of geognosy and the method of geognostic 
study. The first chapter treats the earth as a whole in its 
relation to other bodies of the universe, and states the most 
important facts of astronomy and mathematical geography. 
A second chapter is devoted to physiographical matters, the 
present constitution of the earth’s surface and atmosphere, and 
the changes wrought on the earth’s surface b5' existing natural 
agencies. The third chapter is occupied with the solid crust, 
describes the various kinds according to their compositiorj and 
structure, their age *and origin, and gives an account of the 
hypotheses concerning the origin and development of the 
earth. The rocks are sub-divided in five “formation suites,” 
according to Werner. The fourth chapter contains a very full 
description of the regional masses of rock extending through 
mountain-systems or over wide areas. These are enumerated 
in the order of the “ formation suites,” and a careful account 
r^i^ given of their composition and texture, stratification or 
jointing, geological age, origin and occurrence, and the fossils 
or ores contained in them. A special chapter on metalliferous 
ores concludes this, work, the contents of which show that the 
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Wernerian school already recognked most of the questions 
which are at present treated in text-books. 

Considerations of the eartlTs physiography, dynamical 
geology, petrogrjiphy, ‘geogeny, and architecture or tectonic 
structure were fairly familiar ground at the time; the great 
diiference is in the teaching of the chronological succession of 
the rock formations. Modern geology gives pre-eminence to 
the accurate determin§tion of the age of the rocks, stratum by 
Stratum, according to the contaihid fossils ; Werneris disciples 
were satisfied with an approximate conception of the relative 
age of whole formations, and scarcely associated the study of 
historical succession of organised creatures with any geological 
interest or value. 

In France, three distinguished pupils of Werner wrote text- 
books upon the basis of his teaching — Brochant de Villiers ( 1 800), 
De Bonnard (1819), and De Yoisins (1819). The Treatise of 
Geognos}\ published by D’Aubisson de Voisins, won wide popu- 
larity onsaccount of its clearness and the elegance in its mode 
of treatment. Like Reuss, D’Aubisson held closely to the 
methodical arrangement of the subject introduced by Werner 
in his lectures, so that the general arrangement of these •two 
text-books is very similar; but the French author took his 
illustrative examples chiefly from French geology, Reuss from 
German districts. In common with most of Werner’s 
disciples, D’Aubisson de Voisins made many blunders in 
respect of the Secondary formations. He united Alpine 
limestones (Tri.-Jur.-Cret.), the limestones of the Jura chain, 
the Magnesian limestones (Permian) and Liassic limestones 
of England and«the German Zechstein (Permian) in one group 
— that of fhe Older Secondary limestones; and treated as 
Younger Secondary limestones, contemporaneous with German 
Muschelkalk, the Jurassic calcareous strata of PYance, the 
Forest Marble and Cornbrash, and Portland stone of England 
(Middle and Upper Jurassic), the Solenhofen lithographic 
stone (Upper Jurassic), and the fish-shales of Monte Bolca 
(Mid-Eocene). 

An important deviation from Werner’s teaching was made 
by D’Aubisson in his insertion of Tertiary formations between 
the Secondary deposits and diluvial clays and gravely. 
According to D’Aubisson, the Tertiary series included the 
deposits of the Paris basin (now grouped as Eocene and 
Oligocene), so clearly elucidated by Brongniart and Cuvier; 


144 history of geology and paleontology. 

Faluns of Touraine (Miocene); the formations studied bv 
Omalius d Halloy in N.E. France, Belgium, and near Mainz 
(cf. p 106); the London Clay of England; the sandy, marly 
and clayey strata of the Isle of Wigh’t, wlych Webster had 
recognised as contemporaneous with the deposits of the Paris 
basin; the fossiliferous gypsiferous marls and lignite of Aix 
/Ayr- the Oeningen shales and marls 

(Miocene); the fresh-water formations of Auvergne, Provence 
Languedoc, Pyrenees, Spafn, and Wurtemberg ' (Miocene- 
Pliocene); the brown-coal and lignite in France, Germany 
and England- 

The fossils occurring in these strata are also enumerated by 
U Aubisson,^ but there is no attempt to determine a series of 
palaeontological horizons, or even the relative age of the 
Tertiary deposits present in the various localities. 

The excellent work of D’Aubisson de Voisins is the only 
one which merits the name of a text-book for teaching 
purposes. ^ ^ 

Robert Jameson, who_ tried to disseminate Werner’s 
doctrines in Great Britain, met with less success in his 
El^ien/s of Geognosy (1808). The works of Hutton, Playfair 
and William_ Smith wielded a powerful influence, and were 
guiding British geologists with firm steps towards a right 
understanding of igneous rocks and the pateontological 
succession of organic types. 

An Iniroduction to Geology, written by Robert Bakewell in 
1 81 3, ran rapidly through a number of editions. Although 
following Werner in the general treatment of the subject 
Bakewell took up a neutral attitude on most «ontested points’ 
and show'ed a just appreciation of Hutton’s views. His work 
pre^nted a clear statement of the leading geological features 
of England, and included many of his own observations 
Strange to say, Bakewell was no supporter of the detenuina- 
tion of the age of rocks by the comparison of fossils. William 
Smith’s investigations were not incorporated, and even in the 
fifth edition, published in 1838, the name of William Smith 
was never mentioned. 

Scipio Breislak’s_ somewhat speculative and diffuse hitro- 
d^ztone alia Geologia [liit) was rapidly translated into both 
the firench and German languages, and had a fairly wide 
circulation. It represented a quite different standpoint from 
the text-books written by disciples of Werner. Whereas the 
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latter made it their chief desire th keep strictly to an account 
of known geological facts. Breislak througLut h.V S 
concerned himself mainly about the causes of geLS 
phenomena A«d the reactionary influence of BreislIkTS 
proved so far healthful ; but chemistry and physics were still 
too little advanced to permit of an adequate solution of most 
geological phenomena, and ingenious as Breislak’s conceptions 

T^e"’ besT parT Tf the ^^d him often far astray, 

ine best part of the work is the third volume, in whirh 

Bieislak gives a pod account of volcanic phenomena and 

volcanic rocks in Italy, and contributes a number rvaluable 


Fourth Period— Newer Development of Geology 
AND Paleontology. 

' m 

The Ipders of thought, whose activities towards the close of 
the eighteenth and in the first twenty years of the nLeteenth 
century, won for geology an acknowledged place as a scientific 
^udy, wep almost all of them men If indepenLnt mSns 

^ I the founders of geology and 

pdffiontolop belonged to teaching bodies. The^ univemitiel 
were unwilling to countenance young and indefinite sciences 
pd only tardily jneorporated"^ them in thet ‘acSS 
curricula But when one after another of the SerTitS 

uni„tSpStt:h'?;2'r.” 

Collptions of rocks and fossils were started in all 
unwersity towns, and laboiatories and institutes were foundS 
and equipped in order that beginners in the study might have 

sdected linef If C - 'T ®^®ty inducement to follow out 
selectp lines of original research. The number of students 

steadily increased, the output of special papers became more 
volumipus, and every year the subject-matter of the collegiate 
course became more comprehensive • ‘-““egia.e 

universities, more especially in Germanv where 
anches of geology and paleontology under the care of the 
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mineralogical professors, but, soon, specialisation was felt to 
be necessary, and professorships began to/ be founded for 
geology and palaeontology as a distinct scientific study. 

The encouragement given by the strict academical system 
of preparation and research, and the higher standard in the 
demand for accurate detail, had the effect of diminishing the 
influence of private individuals. Leopold von Buch, Charles 
Lyell, De la Beche, and Murchison are among the few leaders 
of modern geology who workeci independently. 

With specialisation in geology and palaeontology, the spring- 
time of the science was over. The period was past when a 
man could mentally survey the whole field of petrographical 
knowledge, when great discoveries lay, so to speak, by the 
roadside, and only required to be observed. Instead of hasty, 
widely extended observations and broad generalisations, there 
began now the less brilliant, but more lasting, investigation of 
details. The telescope of a geological traveller surveying the 
rocks from afar was exchanged more and more "for the 
microscope of a specially trained academician. The rapid 
advances made by modern geology are due to concentrated 
endeavour in the solution of problems of a definite and 
limited character, and the universities and academies have 
sedulously fostered the accomplishment of such work. 

Among German universities, Berlin has always held a 
distinguished place. Gustav Rose, Ehrenberg, and Beyrich^ 
were some of the famous teachers in Berlin University. For 
nearly sixty years Beyrich exerted a strong influence on the 
younger generations. Although without any great oratorical 
gifts, Beyrich fascinated his hearers by the cardfully considered 
subject-matter of his lectures and the breadth of his know- 
ledge, while in his practical teaching in the field he provided a 
model of accuracy and completeness. Not a few of the greatest 

^ Heinrich Ernst Beyrich, born 1815 in Berlin, entered the Berlin 
University at the age of sixteen, and presented his thesis in 1837. Soon 
afterwards he was appointed an assistant in the mineralogical museum, and 
in 1857 was made director of the palseontological collection. As a teacher 
he was first a privat docent (a university tutor), then an extra-Ordinary 
professor, and in 1865 became full Professor of Geology and Palaeontology 
iiV the University 'and in the Mining Academy. In 184.8 the German 
Geological Society was founded, and Beyrich was one of its promoters. 
In 1873, when the Prussian Geological Survey was instituted, Beyrich was 
appointed co-director with Hauchecorne. He died in Berlin on Qth lulv 
1896. ^ J 


INTRODUCTION. 


147 


teachers in Gerraany~Von Richtjrofen, Von Koenen. Dames, 
Kayser, EcL, Credner, and others — were pupils of Beyrich. 

also ^ one of the most active promoters of 
the Geological |ociety of Germany. Since the Society was 
founded in 1848 it has combined and centralised almo^st all 
the geological activity throughout Germany. The seat of the 
Society IS in Berlin, but the annual congresses meet each year 
in a different German town. ^ 

Bonn rivalled Berlin for a loilg time as a leading centre of 
geological mterests. A brilliant phalanx of geologists— Roemer 
Goldfuss, Bischof, Vom Rath, and others— made Bonn a much 
fevoured university in the middle of the nineteenth ceS 
Feidinand Roemer s Descnphon of the Schist-Mouritams of the 
Rhine Goldfuss s Retrefacta Germania are monumental 

^antphyZ 7 uieot' Text-book of Chemical 

^ and fascinating domain 

of cientific research to young minds; and Bonn was the 

“ petrographical methfd; 

The pioneer labours of Sorby in his microscopic examination 
of rock structures were first appreciated in all their significance 
by Ferdinand Zirkel, who at that time taught in Bonn 
Zirkel followed along Sorby’s lines with such admirable skill 
that his researches became known in every land and gave a 
powerful impulse to the study of petrology. In Germain^ Work 
in t us direction has been worthily continued, and Rosenbusch 
d his schoorhave applied microscopic methods more par- 
ticularly to the study of crystallography. P 

Leipzig Unifersity was fortunate in having for thirtv veirc 
(1842-73) C. Fr. Naumann as Professor of^Mineralogy^and 

importjmt work is his TexUook of 
G^mosy which IS acknowledged to be the most complete mid 
orough compendium of this science, and for many decades 
^ standard book for German students. The re- 
markable success of Naumann as a teacher attracted a hwre 

h"s”£n '•"* 'raditbn 

Oednerand PerSS zilf 

Heidelberg University, where Rosenbusch now teaches his 
always enjoyed a high reputation for mineralogy and geology 

S ‘he Mineraliical T^ht 

buck, and the founder of the Mues fahrbuch fiihfdra^, 
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Geologic^ und PaMontologis^ professor at Heidelberg 

for a long period of years ; and associated with him was 
Heinrich Georg Eronn, the zoologist and^pal^eontologist, whose 
LetJma geognosiica is still one of the main piWars of historical 
geology and palaeontology. 

Munich University was the first in Germany to institute a 
full or “Ordinary” Professorship for Geology and Palieontology. 
Schafhautl, appointed professor in 1843, occupied himself chiefly 
with the investigation of the Bavarian Alps, which were then 
unknown geologically. He was joined in this work, in 1851, 
by Wilhelm Glimbel, who afterwards became director of the 
Bavarian Survey. During forty years Giimbel worked inde- 
fatipbly in the field and as an administrator, and no single 
individual has done more for his country's cartography and 
stratigraphy than he has done for Bavaria. His works on 
Alpine geology are known to all students of complicated 
mountain structure, and are thoroughly scientific in tone 
and treatment. It is clear that the geographical position of 
Munich, at the base of the Alps, singles it out among German 
university towns as being particularly advantageous for the study 
of m^iuntain structure. In 1866, Karl von Zittel succeeded 
Albert Oppel as Professor of Geology and Paleontology, and 
since that time the fossil collections have been vastly ex- 
tended. A special collection has been arranged for tutorial 
purposes, and the large state collection is considered a model 
of methodical display. 

In Tiibingen, Friedrich Quenstedt taught for more than half 
a century (1837-89). One of the most versatile and original 
of German geologists and a born teacher, Quenstedt not only 
attracted numerous students, but also aroused an interest for 
geology and palaeontology -amongst the agricultural classes of 
Franconia, Swabia, and Wiirtemberg. What William Smith and 
Buckland did in determining the palaeontological horizons of 
the Jurassic series in England was accomplished by Quenstedt 
in Lower Bavaria. At the present day the common people, in 
the districts where his influence extended, are many of them 
enthusiastic fossil collectors, and arrange their miniature collec- 
tions with an astonishing accuracy. One of the best-known 
disciples of Quenstedt was Oscar Fraas, who created in 
Stuttgart a local fossil collection worthy of the best traditions 
of his teacher. 

The above-mentioned are only a few of the German univer- 
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sWes ; there are many of the siftaller universities and poly- 
technic schools whose professors have won fame both in 
scientific research and as teachers. 

^ In Austria a»d in Switzerland the majority of the more 
distinguished geologists and pateontologists since the veir 

of Eduard to academic circles. The famous naLes 

Eduard Suess, Feidinand von Hochstetter, and Melchior 
Neumayr are associated with yienna. Bernhard Studer fn 
Bern and Arnold Escher von der Linth in Zurich must be 
regarded as founders of geological science, while Louis A^ssk 
and Eduard Desor in Neuchatel and Alphonse kvfe in 
Geneva are names of world-wide fame 

In comparison with Germany the teaching element is less 
equally distributed in France and England. The huge metro 
in.each of these countries has always been the leading 
thrr! mental activities, and has dwarfed the minor centres 
ughout the country. More especially is this the case in 
France, where Pans has been the centre of all geolodSl and 
paleontological efforts since the days of BnfTnn^p * 
Lamarck, and Brongniart. tL gLat ErlS? ’ 
tatives of these studies are connected with the Bo^amcal' 
Gardens, the Sorbonne, or the School of Mines In the 
provincial towns geological teaching is given par ly by Univer 

nS f Tp" andViy by mSg 

ragineeis. In 1830, Constant Prevost, together with Ami Bnu<s 

Deshayes and Desnoyers, founded the Geological Sodetrof 

Fiance, which has become, by means of its publications and its 

okferTh colleges, such as Birmingham, now rival the 

older schools as seats of scientific learning In Edh k , 

a number of enthusiastic adherents of nSton fo^ndedThe 
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Scottish Geological Society *111 1834, which took the place of 
Jameson’s ‘‘Wernerian Society.’’ 

Scandinavia early distinguished itself in geological and 
mineralogical studies: Keilhau and Kjerulf in Norway, Nor- 
denskiold, Torell, Lindstrom, Nathorst, and other Swedish 
investigators, and Forchhammer and Steenstrup in Denmark, 
contributed much to the rapid progress in the earlier decades 
of the nineteenth century. ^ Italy suffered in its scientific 
development during the prolonged and frequent political 
disturbances, but much has been done in the latter half of the 
nineteenth century. Russia has, of late, been most energetic 
and generous in its encouragement of geological and palajon- 
tological researches. 

The third decade of the nineteenth century saw the begin- 
ning of active geological research in North America; and at 
the present day the United States and Canada are not behind 
any European land in their scientific attainments and societies. 

In proportion as geology continued to expand its scientific 
interests, its bearing upon many important technical questions 
began to be realised. It was represented to statesmen that 
geology could give valuable indications respecting mining and 
industrial prospects, road and railway construction, agriculture, 
and forestry. A desire crept in among public bodies for 
geological maps and reports of whole countries, and not only 
of local areas specially interesting to science. Practical 
England made the beginning. In 1835, under the direction of 
De la Beche, the governmental department of the Geological 
Survey of the United Kingdom was established, and special 
branches were formed for Scotland and Ireland^ and afterwards 
also for the extra-European British Colonies. 

Almost simultaneously, “Dufrenoy and Elie de Beaumont 
were commissioned in France to prepare a general geological 
map of that country, and after its completion in 1841, the State 
arranged for a more detailed survey. Michel Levy now directs 
the French Survey, which is carried on chiefly by mining 
engineers. Other States gradually followed the example of 
Great Britain and France, and every cultured nation now has 
its Survey Department for the investigation of the constitution 
oPthe ground and the mineral products within its territories. 

The establishment of State Surveys naturally removed some 
of the work that had previously fallen to the share of Univer- 
sity professors and tutors ; in not a few countries, however, the 
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professors have to combine both University and Survey duties. 
T'he Survey Departments have always preserved a strictly 
scientific character, . and wfiiile fulfilling to the utmost the 
practical and commercial purposes for which they were in the 
first instance called into existence, their systematic treatment 
of vast land areas has furnished the pure science of geology 
with a wealth of observations of inestimable value for its more 
abstruse problems. ^ 

The progress of geological cartography brought the results of 
one State Survey into touch with those of its neighbours. So 
far as geology is concerned, the present boundaries between 
adjacent countries are merely of accidental character, even the 
present configuration of a land surface is merely an episode in 
the historical cycle of events; in the previous epoch lands now 
separated may have been the common floor of a bygone sea. 
The nature of geological and palseontological studies necessi- 
tates a constant interchange of knowledge between the different 
countrTes of the globe. The geologists of the Paris basin, for 
example, must know the results of the geologists of the London 
basin, maps ought to agree, faunas ought to be compared; and 
these considerations led to the institution of InternAional 
Geological Congresses, where geologists from all countries 
might discuss the problems of common interest to the science. 
Some of the greatest men of our time, in attending these 
Congresses, have expressed their conviction that the intellectual 
fellowship of interest renders them a humble means towards 
a very great end, whereby nations, by better acquaintance 
with each other, may become more firmly welded in political 
friendship. 

Geology and palaeontology give great promise for the 
twentieth century. In another •hundred years the whole 
surface of the earth will perhaps be so well known, that works 
on comparative topographical geology will be fully accomplished 
along the lines which Eduard Suess has so ably initiated in 
his Anf/i'fz der Erde. If at the same time the structural and 
physical problems of the solid earth-crust continue to be 
accurately investigated in all parts of the earth, it may be 
possible to determine the actual physical sequence of events in 
the origin and development of our planet. 

Again, the palceontologist notes with interest how the study 
of past forms of life is brought every year into closer relation 
with biological researches, and how, as faunas and floras from 
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foreign parts become better fenown, the gaps in the palreonto- 
logical record are shown to be less insurmountable than was at 
first supposed. On the other hand, it ma_y be that an enriched 
knowledge of extinct organic remains and thei,r precise distri- 
bution in the various layers of the stratigraphical succession 
throughout the globe, will enable biologists to draw more 
definite conclusions regarding the first derivation, and the 
history of the descent and development of the manifold forms 
of organic life that have peopled the earthi 


CHAPTER I. 

C- 

COSMICAL GEOLOGY. 

does not come within the domain of geology 
to investigate the origin of the universe and of solar and 
planetary systems. Yet such investigations are so closely 
associated with the origin and earliest history of the earth, 
that the results attained by astronomical researches have at 
all times exerted an influence upon the views of geologists. 
Visionary speculations about the beginnings of the universe 
and the earth were much in favour during the eighteenth 
century, and almost every geological work of a general char- 
acter had an astronomical introduction. In the early pjirt of 
the nineteenth century speculation gave place before the great 
discoveries that were being made in astronomical physics. 
The explanation given by Kant and Laplace of the origin of 
the universe and the solar system found general acceptance, 
and further speculations on cosmogony and geogeny were 
thought to be either unnecessary for the immediate purposes 
of geology as a science, or were discouraged on account of 
their tendency io be wholly theoretical. Thus there followed 
a long period during which the cosmical aspects of geology 
made little advance. 

In the year 1871, at BrunswiclJ, Helmholtz gave expres- 
sion in a popular lecture to the current conception of the 
earth’s origin, based upon the principles of Kant and Laplace: 
“Our solar system was originally a chaotic nebular ball; at the 
beginning, when the nebular mass extended as far as the path 
of the outermost planets, many millions of cubic miles could 
contain scarcely one gramme of mass. At the time when this 
nebula became separated from the - nebular masses of the 
neighbouring fixed stars, it possessed a slow movement *01 
rotation. The natural attraction of its parts caused the nebula 
to condense, and in proportion as it condensed, rotation must 

^53 
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PYom time to time masses became separated at the circum- 
ference of this disc under the inhuei;ice of the increasino- 
centrifugal force. These masses again assumed the form of 
rotating nebular balls, and either simply condensed as 
planets, or during condensation also gave off in turn peripheral 
masses which became satellites or remained, in the case of 
Saturn, as a connected ring. ^ In another case, the mass which 
separated at the periphery of *'the main nebula broke up into a 
number of nebular fragments, and gave origin to the swarm of 
small planets between Mars and Jupiter. It has been deter- 
mined more recently that this process of condensation of 
loosely composed bodies is still continuing, although in less 
degree.’' 

A new field of research was opened for astronomy in 1859, 
when the spectroscope was discovered by Kirchhoff and 
Bunsen. It was then rendered possible to learn something 
definite about the materials composing the stars and^’che sun. 
By the use of the spectroscope it has been ascertained that all 
matter has essentially the same constitution throughout the 
universe, the same substances taking part in the composition 
of the earth, the sun, the fixed stars, and the planetary 
nebula. ^ 

The mechanical theory of heat, together with the principle 
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a fact of which neither Kant nf)r Laplace had been aware. 
Uniformity in the rotation of all the bodies in the solar system 
is the fundamental conception in the theory of Laplace; yet 
this conception directly contradicted by the discovery that 
the satellites of the two planets farthest from the sun rotated 
in a direction opposite to the direction of rotation of all other 
known bodies in the solar system. Other weak points in the 
theory of Laplace rendered it ^open to criticism. Kant had 
supposed that the atoms of primitive matter originally pos- 
sessed the property of mutual attraction and repulsion, and a 
whirling motion, and that they gradually attained a uniform 
rotatory movement, while Laplace, on the other hand, had 
assumed the rotatory movement as inherent in matter ; but 
neither Kant nor Laplace had tried to offer a satisfactory 
explanation of the phenomena of rotation. Moreover, these 
physicists had not attempted to explain the incandescent state 
of certain celestial bodies; Laplace had merely assumed that 
mattei^was provided with an indefinite supply of heat, without 
offering any scientific hypothesis for the origin of heat. Again, 
a further contradiction was presented to the theory of Kant 
and Laplace by the approach of comets from regions df con- 
siderable space beyond the solar system. 

Several attempts were made to replace the theory of Kant 
and Laplace by a more satisfactory one. One of these was 
Madler’s hypothesis in 1846, which postulated a common 
centre for the whole universe of fixed stars, but not a central 
sun whose superiority of mass controlled the movements of 
other bodies. The movement of fixed stars was said to be 
under the direction of an ideal centre of gravity. This assump- 
tion contradicted the idea of the successive formation of rings 
and the separation of masses of matter from a central body. 
According to Madler, the ring-theory of Laplace could not 
possibly be held to apply to the numerous double stars. 

The French astronomer, Faye, brings forward some re- 
markable conceptions in his recent work, rOrigine du 
Alonde, published in 1896. Faye does not accept the 
existence of a central mass either in the case of the heaven of 
fixed stars, or in our solar system. He supposes that originally 
a part of the universal matter had a slow, whirling movemjsnt, 
and that neighbouring masses of matter developed a movement 
in a similar direction as a consequence of the action of gravita- 
tion and mutual attraction. Thus the myriad of heavenly 
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bodies took origin, and during condensation developed heat 
and light. If a star has planets associated with it, as in the 
case of our sun, the origin of these plapets is, accordiinr to 
Faye, to be traced to the original slow, whirling inovemenT of 
some part of universal matter. 

Considerable masses of primitive matter unite in the form 
of flattened rings, originally surrounding an empty centre of 
gravitation. The rings are gradually disiiiipted into a number 
Of rotating masses, whirling with the same direction as the 
parent ring greater masses attract smaller, absorb them, and 
finally a spherical body is formed. The planets originate in 
this way,^ those planets forming first whose component rinas 
are relatively nearer the centre of gravitation. Meantime, 
nnely divided fragments of matter meet in the centre of such a 
system, and begin to give origin to a sun. It is impossibll 
here to enter further into these new conceptions of cosmogonv 
so recently advanced by Faye. ° ^ 

; ft 

“^fo^ation about the physical constitu- 
X ? V u” obtained by the use of the telescope. 

David Fabncius, the son of a pastor in East Frisia, dis- 
covered in the year i6io movable spots on the sun, and his 
observations were confirmed a few months later by the 

SrilalialT' tbe Englishman Harriot and 
the Italian Galilei. Fabncius explained the sun-spots as 

laggy separations from the inner incandescent nucleus^of the 

round as foreign masses circulating 

sun’s atmosphere. ' occurring in the 

sun-spots Scheiner 

rotated ^ •important conclusion that the sun 

The significance of the sun-spots is still a matter of dis 
cussion among astronomers. Herschel suggested in the early 
years of last century that the sun-spots were cavities in the 
T,P^"''%Xb>-ough which^ the dark boSy of tEe 
until it ^^V'^ggostion found much acLptance, 

Kirchhoff. '^Proved by the spectroscopical researches of 

surmTndef Ev the white-hot sun’s mass was 

familiar to uJ in^th numerous substances 

mar to us m the earth’s constitution were present in a 
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state of vapour. Kirchhoff then «uggested that clouds formed 
in the white-hot photosphere, and that these clouds became 
darker as they cooled^ thus giving origin to the appearance of 
sun-spots. • 

Zollner contested this hypothesis on the ground of the rela- 
tively small variation in the shape of the spots, and agreed with 
the explanation given by Fabricius. Reye and Faye regarded 
the sun-spots as a result of cyclones in the lower region of the 
sun’s atmosphere. There can 6e no doubt that storm move- 
ments take place at the surface of the sun. Tiiis was made 
evident when Sir Norman Lockyer in 1869, and in his later 
work on Solar Physics (1873), demonstrated the presence of a 
mantle of glowing vapour f^rom which there projected gigantic 
torch-like protuberances subject to violent movement. Lockyer 
called the outer mantle of the sun ‘‘chromosphere ” on account 
of its red colour. 

All the modern theories about the constitution of the sun 
agree ift assuming that it must have received an immeasurably 
great supply of heat during its condensation, and that already 
a considerable quantity has been lost by radiation. Neverthe- 
less, the sun is still in a white-hot condition, and replaces the 
loss of heat by continued condensation and by absorption of 
matter attracted from sidereal space. The spectroscopical 
researches of Kirchhoff, Secchi, Zollner, Lockyer, Young, and 
others, have denmnstrated that more than half of the terrestrial 
elements are present in the composition of the sun. 

In the present position of astronomical research there is no 
precise means of determining the temperature of the sun, 
although its si^.e and density are well known. The sun is 
more than a hundred times larger than the earth, but has only 
a quarter of the earth’s density. lufollows from the continuity 
of the sun’s spectrum that the sun’s nucleus is incandescent, 
but it is difficult to decide whether the material is in a liquid 
state, as Kirchhoff and Zbllner suppose, or whether Secchi 
and Faye may be correct in supposing the nucleus to be for 
the most part gaseous, including some denser portions in a 
state of stormy movement. 

The pixed Stars a?id Planets , — While the sun represents 
a celestial body not yet fully consolidated, although in an 
advanced stage of condensation, the nebulje, fixed stars, and 
planets give indication of the phases of development through 


ISO HISTORY OF GEOLOGY AND PAL/EONTOLOGY. 

which a celestial body pas^s before and after its consolida- 
tion. 

The differences ill the colour and brightness of the fixed 
stars suggested to the early astrologists lhat the stars differed 
in their individual constitution. The catalogue of the 
Ptolemaic Stellar Chart classifies the stars in six arouns 

The attempt was frequent^ 
made— by Sir William Herschel among others— to erect a more 
precise system upon the basis of the fntensity of the lieht 
radiated from the different stars, but no satisfactory result was 
obtained. The grouping of stars according to their colour 
met with more success. The early astrologists distinguished 
white yellow and red stars; in 1686 Mari^te observed blue 
stars for the first time; and later, in 1782, Herschel observed 
double stars displaying different colours. By means of the 

at an explanation 

of the different brilliancy and colour of the fixed stars!^ 

_ the sun and all fixed stars have a continuous spectrwm that 
IS interrupted by the dark lines of the vaporous substances in 
the photosphere; the Fraunhofer lines are absent in the spectra 
of plftnets, or bodies which have only reflected light, i^welo 
Secchiinhis workon “thesun,” in 1872, distinguished four 
groups according to the spectroscopical Laracter of the starv 

coSof nth 1 "■ep'^fenting different phases in the 

cooling of nebulous masses. According to their investie-ationc 
the white and blue stars are the brightest and hottesf- their 

fnd tht tnF ® ^ ®’*ght absorptive power 

extreme consequently either quite simple 0? show 

the fmtht t inf; „The vast concourse of yellow stars are in 
the MOT cent !, '' represented by 
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nebulae were examined in 1869 jj>y Huggins and Miller, and 
the results indicated the presence of vapour, of water, and in 
addition an element which, unknown in the earth, has been 
determined in the sud's spectrum and termed “ helium.’^ 

Next to the red stars may be grouped the so-called new 
and variable stars, sometimes brilliantly luminous, sometimes 
growing rapidly obscure or quite vanishing from observation. 
These probably represent bodies in a far-advanced stage of 
cooling, but which, owing to colMsion with other bodies in the 
universe, or to internal changes, temporarily ignite, emit 
eruptions of glowing gases, and perhaps in some cases 
also eruptions of molten rock-masses. 

By mathematical calculations astronomers have determined 
that in addition to luminous stars, there must be completely 
cooled dark bodies in the vault of heaven. Thus the sidereal 
world exhibits all phases from the nebulous, incandescent, 
gaseous, and vaporous states to the cooled and solid condition. 

The©further history of a cooled celestial body surrounded 
by a firm crust is displayed in the various conditions of the 
planets and satellites of our solar system, and these have 
therefore a closer interest for geology. The planets ciove 
round the sun in slightly elliptical paths at definite distances 
from it. Of the six planets that were known in early astrology, 
Mercury is nearest the sun in position, and has itself a diameter 
of 648 miles; Venus (diam. 1,613 miles) follows Mercury, 
then the Earth (diam. 1,719 miles), then Mars (diam. 909 
miles), Jupiter (diam. 19,000 miles), and Saturn (diam. 
16,675 miles). Herschel in 1780 discovered on the 
farther side o^ Saturn the planet Uranus with a diameter 
of about 800a miles, and Leverrier in 1846 discovered, by 
mathematical calculation, the outemiost planet, Neptune, with 
four and a half times the diameter of the earth. 

The paths of Mars and Jupiter are separated by a much 
greater distance from one another than the paths of the inner 
planets. Piazzi in 1801 discovered the small planet Ceres in 
this gap, and later there have been discovered more than 400 
small planetoids or asteroids, a number which is continually 
being added to by new researches. The Earth has one 
satellite, Mars two, Jupiter five, Uranus four, Saturn eight, 
Neptune one. Saturn is also further distinguished by the 
possession of a broad ring freely suspended over the equator 
and separated into three parts, 



l60 HISTORY OF GEOLOGY AND PAL/EONTODOGY 


Jupiter 

Saturn 

Uranus 

Neptune 



GKORGES CUVIER. 




COSMICAL GEOLOGY. 


l6l 


, Aknds are visible at both sides of.the equator, and a number 
' ■ ot smaller streaks run parallel to them. An e lintical red^no^ 
^ . can also be seen, ^rom these observatim^ d fpS 
that this planet js encircled by a mantle of cloud or by flSina 
layers of vapour, through which the still incandescent nSuf 
shows Itself as a red spot. Saturn displays a surface similar to 
a Jupiter; its remarkable ring was explained by Kant as 
a vaporous mass co^nposed of infinitely fine partidef The 

posstbfy Venus, with its thick cloud mantle are^he ’ 
planets upon which living creatures c^ld L f ^ .4 
exist. Life iriust be impossible on Mercufv on 
proximity to the sun • Tuniter nnH account of its 
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been rendered possible hv he r aetail. This has 
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literature contains scattered oLeritionrregmdb “ft 

surface, the cartograohv of thA regaiding the moon’s 
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nomers of the sev^nf-A^nf^ 1 and other astro- 
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moon on various scales. Th^ largest chart was published on 
1878 by Julius Schmidt, and with the work of this great 
astronomer the older methods of investigation may be said to 
have reached their highest point. ^ 

A new era began with the application of photography to 
the representation of moon landscapes. Warren de la Rue in 
London, Draper and Rutherford in America, obtained photo- 
graphs of remarkable beauty. But th^ earlier results of 
photography were far exceeded when the astronomers of the 
Lick Observatory in California made use of their giant lens. 
The large number of landscapes obtained by this means are 
now being compiled by Weinek in Prague, and a large Atlas 
of the moon is being prepared. The English astronomers, 
Nasmyth, Carpenter, Proctor, and Neison have also contri- 
buted very greatly within the last twenty years to the know- 
ledge of the constitution of the moon. 

From all these observations it has been proved that the 
moon, unlike Mars, has no seas and canals, in short no^^water, 
but possesses a wonderful array of mountains^ With the naked 
eye, darker-looking areas can be distinguished oh the moon’s 
surface. From these rise numerous conical mountains, trun- 
cated at the top and with deep craters, ring-shaped mountain- 
ramparts, and magnificent, deeply-fissured mountain-massives, 
whose summits are as high as 25,000 feet above the surround- 
ing areas. In addition to these mountain-craters and rings 
which indicate a volcanic origin, certain rents have been 
discovered by Schroter in the plains, sometimes penetrating 
the volcanic cones, and therefore clearly of subsequent origin. 
A special geological interest attaches also to tMe presence of 
light streaks radiating from the craters. Whilst the rents 
might readily find an explar^tion as fractures due to contrac- 
tion, the radially-arranged light-streaks present a difficult 
question, and some authorities incline to regard them as 
streams of lava, others again as evidences of sulphurous 
springs. 

The surface conformation of the moon is by no means 
constant in character. Schmidt in 1866 confirmed the dis- 
appearance of an earlier crater, while Klein and Neison in 
1877 saw the formation of a new crater. 

The American geologist Gilbert has contested the opinion 
generally accepted at the present day, that the craters and 
ring-shaped ramparts in the moon are volcanic in their origin. 
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Gilbert regards them as impressions made upon the moon by 
the collision of gigantic ^n^ 

More recent^^^^ ^chmick, George Darwin, and Ebert have 
endeavoured t^ trace the surface conformation of the moon to 
the undulations of a magma originally in hot, flowing con- 
dition. Suess has also elucidated the present surface .of the 
moon upon the basis of volcanic occurrences ; he compares 
lunar surface forms,with the internal seething and buoyancy of 
melted masses of mineral or mietallic material, and in this way 
sets forth a genetic table of the various lunar forms. 

Meteorites and Falling Stars . — Reports of stones and masses 
of iron fallen from the heavens may be traced into remote 
periods of antiquity. The oldest known account is a report in 
China in the year 644 b. a The Phoenicians, Egyptians, and 
Greeks used to preserve meteor-stones in temples, and to do 
honour to them as visible signs sent them by their gods. 

Plifiy has recounted how at ^Egos Potamos, in Thracia, in 
the year 476 b.c., a mass of iron fell, “as large as a chariot,” 
and was afterwards said by Anaxagoras to have been a frag- 
ment broken from the sun. • 

Avicenna mentions reports of fallen stones from Egypt and 
Persia. There seems little doubt, according to Consul von 
Laurin (1845), sacred stone in the Kaaba of Mecca is 

a meteorite. - Various accounts of meteorites in Germany date 
from the early Middle Ages. A fall of meteorites took place 
at Ensisheim, in Alsace, on the 7th November 1492, and the 
account describes how a hot mass of stone, 127 kilogrammes 
in weight, felfinto a field of wheat, accompanied by violent 
noises and the appearance of fire. Emperor Maximilian I. 
commanded that the stone should.be preserved in the Church 
of Ensisheim. During the French Revolution the stone was 
taken to Colmar, and was then considerably cut down, so that 
now the remnant returned to the Ensisheim church only weighs 
about 40 kilogrammes. 

A full report was also given of a shower of meteorites that 
occurred at Crema, in Italy, in 1510 or 15 ii. Although the 
number of reports of fallen stones increased very greatly in 
the seventeenth and eighteenth centuries, the scientific opinion 
of that time made merry over the credulity of the people who 
imagined the stones fell from the heavens. 

Stiitz, for example, who was a director of the Natural History 
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Collections in Vienna, said in 1751 that such stones had 
been erroneously regarded as rarities, and should be thown 
away! Fortunately this advice was not followed. 

A Commission of French observers was entrrrsted with the 
investigation of a meteorite that fell at Luce, in the province 
of Maine, in September 1768. The Commission drew up a 
detailed description of the mineral constitution of the stone, 
but stated it to be a physical^ impossibility that the stone 
could have fallen from the heavens. 

The great Wittenberg physicist, Chladni, at last demonstrated 
the correctness of the popular idea regarding meteorites. 
He published in 1794 a classical work, On the Origm of the 
mass of iron found by Pallas in Siberia^ afid the explanation of 
the physical appearances associated with the fallhig of this and 
other similar masses. Chladni regards meteorites as fragments 
of cosmic bodies, which, while travelling through space with 
enormous rapidity, come into the neighbourhood of the earth 
and are attracted by it ; they become heated by the friction of 
the atmosphere, melt superficially, and finally break up owing 
to the development of gases and elastic fluid materials. This 
is, in its essential features, the view that is at present held by 
most authorities. 

Since the appearance of Chladni’s work a great number of 
meteors have been reported, and a careful register of meteor- 
ites has been drawn up in the writings of several astronomers, 
while the best specimens have been placed in museums. 

Although it might have been supposed that the full details 
and the precise scientific basis of Chladni^s work would con- 
vince all investigators, this was far from being the case. Some 
still held the opinion that meteorites were of telluric origin, 
while Laplace and Berzelius regarded them as volcanic refuse 
from the moon. Tschermak thought them fragments from 
the volcanic eruptions taking place on the earth and on other 
cosmic bodies. 

The Englishman Howard was the first to investigate the 
chemical composition of meteorites. He showed that all 
meteorites have a similar composition, and chiefly consist of 
silicic acid, magnesia, iron, nickel, and sulphuret of iron. The 
inve'^stigations of other chemists have confirmed Howard^s 
results, and demonstrated the presence in smaller quantity of 
a number of additional elements. In comparison with 
terrestrial rock-material the number of ingredients is very 
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limited. Quartz, orthoclase, felspar, mica, hornblende, leueite, 
nepheline, garnet, and all hydrous silicates are absent, whereas 
very few of the « minerals which have been recognised in 
meteorites arc not known in the earth. 

In the latter part of this century, thin sections of meteorites 
have been examined microscopically, and it has been shown 
that there is more structural difference between the terrestrial 
and meteoric rock than had been supposed from macroscopic 
examination. Meteorites are in many cases composed of 
radiating spherical bodies (chondrites) or irregular fragments ; 
the rent character, the paucity of steam vesicles, and the 
absence of liquid contents give to microscopic slides of 
meteorites an unfamiliar appearance, and seem to indicate 
that they have taken origin independently of the action of 
water and vapour. 

The classification of meteorites is a very vexed question, 
some authorities placing more value upon chemical and 
mineralogical distinctions, and others upon structural distinc- 
tions. Partsch in 1843 distinguished two main groups— stone 
meteorites and iron meteorites. Reichenbach rejected these 
groups as too broad, and classified meteorites in nine 
groups according to physical character, especially the colour 
and the mineral contents. Gustav Rose, who was Professor of 
Mineralogy in Berlin University, supported the earlier classifica- 
tion of Partsch, but arranged sub-groups upon a mineralogical 
basis. Daubree, the French physicist, in 1867 distinguished 
meteorites containing iron or Siderites, from Asiderites or 
meteorites ^without iron, and sub-divided these again. 
Meunier accepted Daubree’s main groups, but erected a 
very large number of sub-groups. In England, the meteor- 
ites represented in the Collection of the British Museum 
were arranged in three groups according to Story-Maskelyne^s 
classification in 1870-71: (i) Siderites (meteoric iron), (2) 
Siderolites (meteoric stones containing iron), and (3) Aerolites 
(meteoric stones without iron). 

The study of meteorites, as Daubree remarks, touches 
several of the fundamental questions in the history of the 
universe. They are the only specimens of non-terrestrial or 
cosmic bodies which we have an opportunity of investigating, 
and which can yield an insight into the constitution of those 
masses occupying the vault of heaven. The number of 
accredited falls of meteorites does not exceed a thousand, and 
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as a rule the fragments which fall are small, sometimes merely 
a dust-shower. The fact that many meteorites consist w^holiy 
of metallic iron (with nickel), while others contain a large 
intermixture of iron grains in a matrix of silicfdes, indicates 
that iron plays a greater part in the composition of the 
planetoids than in that of terrestrial rock-material, in which it 
almost always occurs in combination with oxygen or sulphur. 

In the year 1870 Nordenski^ld discovered on the coast of 
the Greenland island Disko, near Ovisak, gigantic blocks of 
solid nickelic iron weighing several thousand kilogrammes. 
These were at first thought to be meteoritic, until Steenstrup 
and Daubree showed that the basaltic rocks of Disko contain 
greater and smaller inclusions of iron, which are identical with 
the great blocks in every particular. It would thus seem that 
considerable masses of iron are actually present in the interior 
of the earth, as has been assumed from the earth’s specific 
gravity. 

Sir Norman Lockyer in a recent work. The Meteoritic 
Hypothesis (1890), has attributed a very important part to 
meteorites in cosmology. He regards all luminous cosmic 
bodies as masses which have originated from swarms of 
meteorites, or from the collision of vapours to form a cosmic 
sphere. 

Geogeny . — During the nineteenth century speculations regard- 
ing the earth’s origin followed for the most part the nebular 
theory of Kant, Herschel, and Laplace, and assumed that the 
earth, in common with all other qosmical bodies, originated by 
the condensation of some part of universal matter. It was 
raised to a glowing heat during the process of condensation, 
and after a protracted period -of cooling a solid crust began to 
form on the exposed surfaces. 

This theory was further established by Fourier in 1820, and 
by Poisson in 1835. Nevertheless, the Neptunian doctrine 
which had flourished in the end of the eighteenth century, 
under the influence of Werner, was again resuscitated, and its 
adherents passed under the name of Neo-Neptunists. The 
Munich chemist Fuchs was the leader of the Neo-Neptunists, 
and<^amongst his followers were Schubert, Schafhautl, and 
Andreas Wagner. Their conception of the beginning of the 
earth was literally the same as that given by the Bible, 
“In the beginning the world was empty and void” 
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The Neptunist idea that the s<flid materials of the earth had 
originally been held in solution by a primaeval ocean, no longer 
harmonised with the advance of chemical knowledge. Hence 
the Neo-Neptnnist leader depicted the primitive earth as 
amorphous in constitution, silicic and carbonic acid having 
united all the component particles in a pasty mass.% The 
formation of rock-material began with the separation of the 
silicates. Light and heat developed as crystallisation pro- 
ceeded The earth became self-luminous, and “certain effects 
were produced which have a resemblance to volcanoes.” 
Different kinds of rock separated from the primitive 
amorphous substance, such as granite, syenite, porphyry, 
gneiss, crystalline schists, greenstone, slates ; and afterwards 
sandstone, quartziferous sand, clay, and flint. A calcareous 
series formed contemporaneously with the siliceous rock-series, 
the calcareous rocks then becoming more strongly developed 
in proportion as the siliceous rocks were less developed A car- 
boniferous series of rocks began with the formation of graphite 
and anthracite, reached its maximum in the Carboniferous 
period, and closed in the youngest mountain-ranges with 
brown-coal and turf. * 

Although the theory of Fuchs was so fantastic that it was 
practically ignored by geologists, it had at least the merit of 
calling attention to a possible origin of granite, gneiss, schists, 
etc., in some other way than from a juolten magma. Schaf- 
hautl was one of the few geologists who accepted the theory of 
the aqueous origin of crystalline rocks, as he had himself 
succeeded in^producing quartz crystals artificially under the 
action of superheated water. 

Amongst the writers who supported the nebular theory, the 
French physicist Ampere was one of the most distinguished. 
In 1833 he published his “Theorie de la Terre” in the Revue 
des Deux Monies, Amphre held the view that during the 
gradual cooling of the earth, the substances arranged them- 
selves in the succession of their melting-points. Irregularities 
in the arrangement of the materials were explained by Amphre 
as a result of chemical processes which caused a rise of 
temperature, renewed melting and eruption of masses that 
had already solidified. Amphre further supposed similar 
chemical processes to be still in progress in the interior of the 
earth, and to be the chief cause of mountain-making, volcanoes, 
and earthquakes. 
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In 1834 Henry de la Beofee published his admirable work 
entitled Researches in Theoretical Geology. He described the 
earth’s matter as originally in a gaseous condition, condensation 
having taken place in consequence of the cons^iant radiation of 
heat from the earth’s surface. Gradually there formed round 
the iq,ner glowing nucleus a zone composed of heavy metallic 
substances, beyond which was a region of lighter, molten 
oxides, and externally a mantle of vapoiiirs and gases. The 
zone, rich in oxygen combinations, afterwards consolidated as 
a firm crust of crystalline rocks, which protected the inner 
nucleus and prevented its complete cooling, while the outer 
vapours condensed in the form of oceans upon the solid crust 

The Cambridge physicist, W. Hopkins, in a series of papers 
(1839-42) investigated the internal constitution of the earth by 
means of mathematical calculation. Assuming that the earth 
was originally molten, then three possibilities are set forth by 
Plopkins as a result of cooling : — 

1. An outer solid crust surrounds a nucleus that^is still 

molten, or 

2. The earth’s sphere is surrounded by a firm crust, and 

contains a solid nucleus, both separated by a zone 
of molten material, or 

3. The earth may be completely solid. 

Hopkins calculated that the solid crust of the earth had a 
thickness of about ^ or of the earth’s diameter — that is, at 
least one hundred and seventy-two to two hundred and fifteen 
geographical miles. A direct communication of the internal 
molten material with the surface of the earth was therefore 
impossible in Hopkin.s’s opinion, and he concfuded that the 
volcanoes must draw their molten material from reservoirs of 
moderate size within the soUd crust of the earth. 

At the same time as Hopkins was following out his mathe- 
matical and physical calculations, Bischof in Bonn was making 
experiments similar to those which had previously been 
attempted by Buffon. Bischof caused large balls of basalt to 
be melted, and observed the time required for the cooling of 
the melted basalt. By the application of the results to the 
rate of cooling of the earth, Bischof calculated that the com- 
plete solidification of the earth would occupy a period of three 
hundred and fifty million years. Naturally, the application of 
results obtained upon such a small experimental scale cannot 
be relied upon in any accurate scientific sense. It was shown 
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by Sir William Thomson (Lord Kelvin), in his famous paper 
“On the Secular Cooling of the Earth (1862), that even 
mathematical methods could not lead to any definite calcula- 
tion of the SLg% of the earth. According to Thomson and 
Tait’s Handbook of Theoretical Physics, the formation of a solid 
crust took place not less than twenty million years ago? and 
not more than four hundred million years ago. Helmholtz 
calculated, upon the^^basis of the original temperature of the 
earth-vapour, that the age of tlie earth might be sixty-eight 
million years. 

In 1893, the American geologist, Clarence King, published 
a paper “ On the Age of the Earth.” He supposes the earth 
to have been originally molten, and now to have a solid nucleus 
and a solid crust, and a zone of molten material between crust 
and nucleus. From a number of observations and experiments, 
King concludes that the original temperature of the earth was 
not more than 2000" C., and that its age might be about twenty- 
four mjtlion years. 

A remarkable theory of the earth’s constitution was presented 
by the chemist Sterry Hunt in Canada. He starts from the 
hypothesis of a homogeneous, gaseous, rotating sphere, in 
which the parts undergoing condensation seek the centre; 
there they again become heated, and are kept circulating, 
finally settling down in zones according to their density and 
forming a molten, plastic sphere. The consolidation of this 
sphere begins in the central region. Slow cooling also goes on 
at the surface of the molten mass, and chemical combinations 
are effected there owing to the pressure of atmospheric vapours. 
Gradually a crust forms permeated with water, and in its lower 
horizons more immediately affected by the internal heat of the 
earth, the inner crust is again r»elted and forms a plastic 
watery zone between the solid, heated nucleus and the outer 
crust. This intermediate zone is the centre of volcanic action, 
of earthquakes, and of deforming changes in the earth’s crust. 

Another ingenious thinker in this subject was Robert Mallet 
(1810-81), a civil engineer in Dublin. Mallet thought that 
the cooling of the original molten sphere began at the Poles. 
Certain portions, as they solidified at the Poles, sank into the 
molten mass, but again rose to the surface at the equatorial 
regions and began to return towards the Poles, the circulation 
of rock-material being analogous with that of the ocean currents 
at the present day. The formation of a crust proceeded out- 
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wards from the Poles. first it was merely a thin, flexible 
rind on the viscous or liquid inner mass. Then the crust 
while still hot, and locally at a red glow, broke and tore; the 
first rains collected in the depressions, and systems of tensions 
and pressures were generated in consequence of the subsidence 
of Grust-blocks. A more complete phase of movement was 
reached as the crust became gradually thicker; forces which 
had during contraction bee^n acting vertically towards the 
centre were diverted in a tangential direction by the resistance 
of the crust, and produced the folds and wrinkles represented 
in our mountain-chains. Continents and oceans also formed, 
and the crust was in a state to sustain life. In the fourth or 
final phase, to which the present belongs, the crust has become 
very thick; cooling and contraction are now proceeding very 
slowly; the tangential pressures called forth by the sinking 
crust are relieved by horizontal compression of the rocks at 
zones and localities of crust-weaknesses. The work done by 
pressure and fragmentation is converted into heat; and it was 
by means of this transmutation that Mallet explained the 
origm of the earth’s own heat, and of volcanoes. 

Mallet’s explanation was warmly contested by O. Lang 
and Julius Roth. Lang differed from most physicists and 
chemists in his opinion that an increase in volume and not a 
contraction took place during the transition of the earth’s 
material from the molten into the solid state., He attributed 
the origin of volcanoes to the expansion of the outer rock- 
materials during their consolidation and the necessity of 
additional space. 

^ Ries and Winkelmann published in 1881 a series of observa- 
tions on the solidification of melted metals. Their results 
were so far fpourable to Lang’s hypothesis in that they 
proved that, with the exception of cadmium and lead, nearly 
all other metals are heavier in the molten condition than in the 
solid. At the same time, Bischofs experiments are contradic- 
tory, since they prove that the most important plutonic rocks, 
such as granite, trachyte, basalt, suffer considerable contraction 
in passing from the molten into the solid state. 

Faye, whose principles of cosmogony were briefly referred to 
above (p. 155), also made an attempt to explain the origin and 
development of the earth in agreement both with the doctrines 
of modern astronomy and with those of geology and palaeon- 
tology. Starting from his own standpoint that the earth and 


COSMICAL GEOLOGY. 


171 

the inner planets were in existeiipce before the sun, Faye 
supposes that the first traces of organic life on the earth 
originated under the diffuse light of the still unconsolidated 
sun, that a uniform climate reigned over the whole earth 
during the Primary epochs, and that consequently the distri- 
bution of plant and animal life cannot, as is frequently stated, 
have proceeded from the Poles. 


chapter IL 

PHYSIOGRAPHICAL GEOLOGY. 

The subject of physiographical geology coincides in essential 
features with that of geophysics (or physical geograpiiy). The 
only distinction that may be drawn is that while physical 
geography deals more with the description and exact determina- 
tion of the physical properties of the earth’s body, physio- 
graphical geology concerns itself more with the causes and 
effects of these relations. It is, however, impossible to define 
a strict line of division between the studies of geography 
arid geology. 

Certain questions about the physiography of the earth had 
been discussed by the Greek philosophers, and the knowledge 
of the ancients in this domain had in all probability been 
comprised in a book of Theophrastus. Unfortunately the book 
has been lost, and is known to us only through excerpts from 
it that appeared in the works of later geographers. 

The first work that merits the name of a physical description 
of the earth is the famous Geographia Generalis of Bernhard 
Varenius (Arnsterdam, 1672). In 1661 the comprehensive 
work of Riccioli, and jn 1664 that of Kircher, appeared; 
nearly a hundred years later followed the important geographical 
and physiographical text-books of the Dutchman Lulofs (1750) 
and the Swede lobern Bergman (1769). Bergman’s work was 
taken as a model by the famous Werner in his teaching of 
geognosy, and thus its style and general treatment came to be 
handed down in the later text-books published by pupils of 
Werner. All the text-books of the Wernerian school, especially 
J:hose of Fr. Ambros Reuss, F, R. Richter (Freiberg, 1812), 
and K. A. Klihn (Freiberg, 1833), contain a full account of 
physiographical geology. 

In France, Buache had in 1756 kept physical geography 
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within narrower limits than his contemporaries; on the other 
hand, Desmarest in 1795 began a very large work in the Ency- 
clop'edie Meihodiqiie^ in which he treated the subject in the 
wide sense more ggnerally accepted at that time. 

No less a scientist than Immanuel Kant was the first in 
Germany to hold academical lectures on physical geography. 
Kant’s lectures were published in text-book form at Konigs- 
berg in 1802. They gontained nothing remarkably new, yet 
an importance attached to them as*the first attempt to collect 
the subject-matter within concise and definite limits. 

In the years 1827 and 1828 Alexander von Humboldt 
delivered his famous lectures at the Berlin University and the 
Academy of Singing. Under the inspiring influence of this 
great geographer, Friedrich Hoffmann prepared his inter- 
esting work on physical geography (1837). Almost simul- 
taneously, in the year 1836, Heinrich Berghaus published 
at Gotha a Physical Atlas which contained a collection of maps 
presenting the facts of physical geography in a manner that at 
once appealed to the eye and understanding. This graphic 
treatment of the subject marked a new and successful 
departure in geography, which was immediately imitate<^ in 
other countries. The excellent Physical Atlas of the Scottish 
publisher, Keith Johnstone, is essentially an imitation of the 
Berghaus Atlas, increased by a few special maps of Great 
Britain, and some additions contributed by two German col- 
leagues, H. Lange and A. Petermann. The Geographical 
Institute at Gotha kept its leading place in cartographical 
science, and published between the years 1886 and 1892 a 
new and enlargdSi edition of the original atlas of Heinrich 
Berghaus, under the editorship of his nephew, Hermann 
Berghaus. ^ 

The year 1845 will ever be remembered in geographical 
science as the date of the publication of the first volume of 
Alexander von Humboldt’s great work, The Cosmos. This 
magnificent physical description of the world gives a complete 
account of the knowledge of natural science in all civilised 
races up to the middle of the nineteenth century. It is a more 
extensive work than had ever before been undertaken by a 
single individual, and a work that is not likely to be attempted 
again in the future. As Peschel has said, Humboldt’s Cosmos 
comprises thousands of facts, of measurements, and of cal- 
culations reckoned according to the most exact scientific 
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methods which were therv known ; it is an imago mundi^ or 
mirror of the world, of the most faithful kind. 

Immediately before the publication of Humboldt’s Cosmos, 
in 1844, Bernhardt Studer, the Swiss geologisjf, published a text- 
book of physical geography and geology, which is remarkable 
for its clearness of disposition, mastery of the subject, familiarity 
witK the literature, and conciseness of treatment. 

Numerous text-books of physiograplpcal geology appeared 
in the latter half of the niifeteenth century; amongst others 
may be mentioned those of Oscar Peschel (1879), of Siegniund 
Gunther (new ed., 1897-99), the popular La Terre of Elisee 
Reclus (1868-69), those of Hann, Bruckner, and Kirchhoff, 
and the able chapters in Sir Archibald Geikie’s Text-book of 
(3rd ed., 1893). 

Form, Size, a 7 id Weight of the Earth . — The determination 
of the form, the size, and the weight of the earth, although of 
great interest to geologists, is more especially the domain of 
the geographer, and cannot here in the narrow limits of space 
be treated with historical detail. Suffice it to state the present 
standpoint of our knowledge. For the actual form of the 
earth, with its numerous deviations from the spheroid of 
rotation, Listing proposed in 1872 the name of “Geoid,” and 
it is at present one of the chief tasks of the International Com- 
mission for the measurement of the degree to arrive at the true 
form of the geoid. 

The form of the geoid, however, cannot be discovered 
merely by trigonometric methods ; probably the pendulum will 
play an important part in the future solution of the problem. 
It has already been demonstrated that the oscillations of the 
pendulum do not everywhere depend upon the distance from 
the earth’s centre; it is more especially in the interior of con- 
tinents that the deviations indicate a diminution in the force 
of gravity. Faye is therefore of opinion, that in consequence 
of the stronger cooling, the earth’s crust is denser under the 
floor of the ocean than under the continents. Helmert, 
Hergesell, Drygalski, and others, have supported Faye’s hypo- 
thesis in its main features; they are of opinion, however, that 
ttm attractive force exerted by continents on neighbouring 
ocean surfaces is more or less compensated for by the smaller 
density of the earth’s crust under the continents, 

, The pendulum observations made by Von Sterneck in the 
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eastern Alps and Carpathians yielded results which showed as 
a rule relative “ defects of mass^' in the mountains, and 
“surplus of mass’’ in the plains, and such results suggested 
in geological circles a correlation between crust-movements 
and conditions of* density in the crust. But, since the publica- 
tion of these measurements, more recent observations taken in 
the leading European and foreign observatories, have led t<S the 
conclusion that there is no immediate connection between the 
density of the earth’s "'crust and the tectonic structure of the 
crust. 

Pendulum observations are even more important for the 
determination of the specific gravity of the earth than for 
questions regarding its form. According to the law of gravita- 
• tion, the action of two masses is proportional to their size, and 
inversely proportional to the square root of the distance of 
their central points of attraction. Hence if a body be simul- 
taneously subjected to the attractive forces of the earth, and of 
another mass of some considerable gravity, the density of the 
earth may be calculated from the result. 

The two Scotsmen, Maskelyne and Hutton, made in the 
years 1774 to 1776 a series of admirable experiments at* the 
mountain of Schiehallion, in Perthshire. Their aim was to 
arrive at the density of the earth by means of the pendulum 
deviations in the presence of the mass of Schiehallion. The 
size, form, and weight of the solitary mountain were calculated 
by trigonometry, and the local deviations of the pendulum 
were observed as the pendulum was brought into the neigh- 
bourhood of the disturbing mass of Schiehallion , the result 
was a gravity of%.7i3 for the earth. Observations have since 
been taken at many different parts of the world, and various 
figures have been in later years given for the earth’s gravity 
(4.39, 6.62, and 5.77). 

All determinations of the earth’s gravity agree in showing 
that the gravity of the earth as a whole is very much greater 
than the gravity of the rocky crust, which has an average 
gravity not exceeding 2.5. Thus w^e know the important geo- 
logical fact that the interior of the earth is neither empty nor 
can it be filled with water, but it must consist of substances of 
very great weight. 

The Earth's Internal Heat and the Constitution of its 
Interior , — It has long been known that the heat of the sun 
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and the atmosphere influences the temperature of the ground 
only to a limited depth below the surface. It w'as determined 
during the eighteenth century that external influences are 
perceptible only within depths of about 30 feet, or as far 
down as 80 feet, according to the geographical position of the 
locaUty. At the_ so-called “neutral” zone, or critical horizon 
of depth, there is a constant temperature which practically 
corresponds with the average annual tejpperature of the par- 
ticular place. Below this zsne of constant temperature, the 
temperature increases in mines, and the increase can only be 
attributed to the earth’s own heat. This increase of tempera- 
ture had already been noted by Kircher and Boyle in the 
seventeenth century, but it was not until 1740 that definite 
observations^ were made by Gensanne in the lead-mines of 
Giromagny in the Vosges. Gensanne’s result demonstrated 
an increase of i C. for 114 feet of depth. Measurements 
were made in 1790 and 1791 in the Freiberg mines by Freies- 
leben and Alexander von Humboldt; Lean took observations 
in the Cornwall mines, Fantonetti in Italian mines and 
Alexander von Humboldt in South American and Mexican 
mines. All these observations were based upon the tempera- 
toe of the air in the mines. But, as it was pointed out by 
Cordier and Reich, this temperature is influenced by air 
cuments, by the mining work, and by the breath of the miners 
and of animals. Cordier and Reich then placed the thermo- 
meter in the rock itself, and taking necessary precautions for 
correction of experiments, arrived at results of a more reliable 
character. Cordier reports from French mines an average 
increa^ of temperature of i*" C. for 25 mhtms^idrca 77 feet) 
while Reich reports grades of 41.84 metres {circa 129 feet). 

Since 1828, tempemture observations have been continuously 
taken in the mines of Saxony and Prussia, and these yield an 
average of i C. for 167 feet, but as the variations range from 
40 to 355 feet, it is^ impossible to draw any definite law. In 
England, the British Association for the Advancement of 
Science about twenty years ago appointed a special commis- 
sion for investigations of the ground temperatures, and the 
relative capacities of heat conduction shown by different 
A observations have also been con- 

ributed by other lands, but as yet no definite results have 
been obtained. The ground-borings made in various countries 
have afforded a means of taking observations on the increase 
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of temperature; generally speaking, they show an increase of 
1 ° C. in grades of about 30 to 3*4 metres (104 to 118 feet). 
The results yielded by borings have been confirmed by observa- 
tions in the great Alpine tunnels. 

The Italian |eologist, Giordano, published in 1870 exact 
observations made in the Mont Cenis tunnel, and the German 
civil engineer, Stapff, published those in the St. Gothard Kinnel 
(1877-80). In the middle of the Mont Cenis tunnel the rock 
has a temperature of 29.5° C. c 

In spite of the numerous local variations in the exact rate 
of increase of temperature, there can be no doubt that the 
temperature of the ground increases so far as depths below 
the surface have yet been reached ; the probability is that at 
still greater depths still greater increase of temperature takes 
place. Hot springs in many cases rise from great depths, and 
cannot be shown to have connection with volcanoes or with 
any particular geological formation. 

Calculations have been made with respect to the probable 
rate of progression in the increase of temperature at depths 
still unattained, but the results cannot be regarded as trust- 
worthy. Thus, although all geologists agree that the jise of 
temperature in the earth’s crust is due to the internal heat of 
our planet, we have not yet sufficient data to determine either 
the prevailing inner temperature or the thickness of the earth’s 
crust. 

At the same time, the hot springs and geysers indicate 
temperatures that reach the boiling-point in the earth’s crust, 
and the wide distribution of volcanoes demonstrates still higher 
degrees of temperature in the crust. The scientific authorities 
in the first half of the nineteenth century regarded it as an 
accepted fact that the earth’s nucleus was molten, and was 
surrounded by a comparatively ^in crust. Humboldt and 
Elie de Beaumont valued the thickness of the earth’s crust at 
40 to 50 kilometers, and this result almost agrees with the 
more recent work of the Rev. O. Fisher, who valued the thick- 
ness at 23 English miles. But the calculations made by 
various authorities differ very considerably, some calculations 
giving a result of only 14 English miles for the thickness of the 
earth’s crust, others a result as great as 75 English miles- 

The great chemist, Sir Humphrey Davy, did not beKeve 
in the original molten condition of the earth’s nucleus. He 
believed that the earth’s nucleus was originally composed of 
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the earthy and alkaline metals, and that its prevailing high 
temperature was due to chemical processes. Davy’s explana- 
tion afterwards found favour with De la Rive and Charles Lyell. 

' Volger explained the heat of the earth partially as a product of 
the pressure which the higher mountain-systems exert upon 
the regions underlying them, partially as a result of Ahe 
chemical changes constantly going on in the earth’s crust ; 
and the Ultraneptunist chemist, Mohr, in his 
Erde (1866), explained the internal hea'l of the earth as a 
transmutation of the sun’s energy by chemico-physical pro- 
cesses. 

Lichtenberg and Franklin thought that the firm earth’s crust 
surrounded a half-gaseous, half-viscous mass of very great 
density. This opinion was accepted by Herbert Spencer, and 
has since been placed upon the basis of the Mechanical 
pat Theory by Ritter (1879) and the geographer Zoppritz 
(1S82). According to this theory, there is under the firm 
crust a zone of viscous material, then a zone of more fluid 
material ; the earth s nucleus itself, however, is said to consist 
of an outer gaseous part, in which the gases are in their normal 
condition, and an inner gaseous part, in which they are above 
the critical point. Owing to the excessive pressure, the gaseous 
niaterial of the earth’s nucleus is said to become no less dense 
than liquid or solid bodies. « 

The English physicist, Hopkins, has been one of the most 
lanious champions of the theory of the earth’s rigidity. Seeing 
that the earth behaves as a firm mass in response to the 
attraction of other bodies in the universe, and that the 
phenomena of precession and nutation are ^lot consistent 
with an even partially fluid or plastic condition of the earth 
Hopkins concluded that the earth has been rendered for the 
most part solid, in consequence of the cooling and of the great 
within the earth. Like Hopkins^ Poisson and Amirere 
(1868) were a so of opinion that the earth’s nucleus could not 
be fluid, as otherwise the attraction of the moon would cause 
gigantic tidal waves to take place in the firm crust 

I he physicists, Lord Kelvin (Sir W. Thomson) and George 
Darwin, also _ attpute great importance to the enormous 
interior of the earth, and the con- 
wf/h w 1 nucleus from this cause. Darwin agrees 

with Hopkins in respect of the behaviour of the earth relative 
to the sun and the moon, and tries to prove by calculation that 
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if the earth’s nucleus were molten, phenomena similar to ebb 
and flow would be induced which could only be resisted by a 
crust of enormous thickness, circa 2ooo>28oo English miles 
thick. Besides, if the earth’s body were plastic, the oceanic 
tides would not only be induced by the attraction of the sun 
and moon, but would also be influenced by deformations of 
the earth-spheroid. There are, however, no indicatfons of 
this disturbing influence. Darwin therefore believes that the 
earth behaves as "'a rigid body and possesses probably a 
viscous-elastic constitution. 

Lord Kelvin has essentially the same opinion, and ascribes 
to the body of the earth a degree of rigidity intermediate 
between that of steel and of glass. Starting from the nebular 
theory, Lord Kelvin (1862, 1879) supposes that the cooled 
and thereby heavier masses sank inward and formed an initial 
central nucleus, which always extended towards the periphery 
as the earth’s mass continued to cool, until Anally almost the 
whole earth became rigid. Kies and Winkelmann contested 
(1881) this hypothesis on the ground that not only a number 
of metals, but also silicate combinations undergo a decrease 
of density at the moment when they become solid, ^0 that 
they could not sink in a molten mass. 

The American, Barnard, wrote in 1877 a paper on the 
internal structure of the earth, considered as affecting the 
phenomena of precession and nutation. He agreed with 
Hopkins and Darwin that the behaviour of the earth under 
the attraction of other bodies in the universe shows a very, 
high cocfAcient of rigidity for the earth’s mass. Reyer in 
Yienna in the same year brought forward arguments in favour 
of the theory of rigidity, but supposed that the rigid magma 
of the nucleus was saturated and impregnated with solvents 
and gases in so great a degree, that whenever the pressure of 
the crust was relieved or modifled by fractures the nuclear 
material could readily become viscous or fluid, and capable of 
eruptive action. 

In opposition to the adherents of the earth’s rigidity, many 
geologists retain the older view, at least in part, in so far as 
they believe there is a zone of molten magma under the firm 
crust, and do not accept the extreme conception of the rigidity 
of the nucleus. 

^ Sterry Hunt advocated the view that the originally molten 
globe began to solidify in its central part. At the surface, 
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great pressure was exerted atmospheric vapours of water, 
and the molten material became saturated with these! 
Chemical processes took place, and gradually a firm crust 
formed. I’he lower layers of this crust came })y degrees into 
the sphere of influence of the earth’s own heat, and were there 
converted into a zone of “ watery magma.” This intermediate 
zone between the crust and the firm nucleus is, according to 
Sterry Hunt, the particular region in w^ich plutonic and 
volcanic eruptions take origirf. (“ The 'Chemistry of the 
Pnmteval Earth,” Geo/. Mag'., 1868-69.) 

Dana expressed the opinion that about two-thirds of the 
earth’s mass are composed of iron, and form a rigid nucleus 
above which a viscous, hot magma forms an intermediate zone, 
while beyond that_ zone the earth’s crust has a thickness of 
about seven or eight miles. Amongst other investigators, 
O. Fisher strongly advocated a molten viscous condition of 
the earth’s nucleus upon which the firm crust rests. Within 
recent years it has become customary to apply a certain 
definite terminology to the various zones of the earth’s 
spheroid, in accordance with the supposed physical condition 
of each particular zonal region. Thus Sir John Murray, in his 
Presidential Address (Geogr. Sect Brit Assoc., 1899), said: 

When we regard our globe with the mind’s eye, it appears at 
the present time to be formed of concentric spheres, very like 
and still very unlike, the successive coats of an onion. Within 
IS situated the vast nucleus or cefitro sphere ; surrounding this 
IS what may be called the tektosphere {tektos^ molten), a shell 
of materials in a state bordering on fusion, upon which rests 
and creeps the lithosphere. Then follow hyarosphere 2C(\^ 
atmosphere^ with the included biosphere (bios, life). To the 
mteraction of these six gegspheres, through energy derived 
froin internal and external sources, may be referred all the 
existing superficial phenomena of the planet.” 

Recent seismological observations indicate the transmission 
of two types of waves through the earth— the condensational- 
rarefactional, and the purely distortional— and the study of 
these tremors supports the view that the centrosphere is 
not only solid,^ but possesses great uniformity of structure. 

1 he, seismological investigations of Professors Milne and 
Knott point also to a fairly abrupt boundary or transition 
surface, where the solid nucleus passes into the somewhat 
plastic magma on which the firm upper crust rests. 
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Morphology of the EartNs ^Surface . — In a general way 
Strabo, Seneca, and Ptolemy had discussed the geographical 
distribution and individual forms of the elements that make up 
the surface c^onfiguration of our globe. But the works of 
Cluverius, Nathanael Carpenter, Kircher, and Varenius in the 
seventeenth century, contain the earliest attempts at systematic 
treatment of surface forms according to their mode of origin. 
From the seventeenth century to the present day the study of 
the earth’s configuration may^be said to have gone hand in 
hand with that of geology, for the theories which at any time 
prevailed amongst geologists were not without influence upon 
contemporary views regarding the surface forms. 

Hutton and Playfair drew attention to the marked effects of 
water and heat upon the earth’s surface ; and Werner and his 
followers showed the connection between the geological 
structure of the ground and the particular distribution of 
surface forms — continents, islands, mountain-chains, solitary 
mountains, plateaux, valleys, etc. The first accurate and 
convincing proofs of the relation between geological structures 
and the shapes of mountains were given by Pallas and by De 
Saussure, who was the first to carry out the complete aecent of 
Mont Blanc. 

As our geographical knowledge widened, the necessity made 
itself felt of grouping the scattered and fragmentary facts 
together and deriving from them some general principles of 
surface morphology. An effort in this direction was made 
towards the end of the eighteenth century by Reinhold 
Forster, whose Bemerkungen auf einer Reise um die Welt 
contained aTormal treatment of such features as the shape of 
the continents, the structure and position of islands, coastal 
forms, and coral reefs. 

But the ever-increasing love of travel found its first in- 
spired scientific exponent in the great Humboldt, whose 
wonderful descriptions of his personal impressions of natural 
landscapes and form were as artistic as his classification and 
distinction of structural types in tropical America and in 
Central Asia were masterly. Humboldt’s writings bore essen- 
tially the stamp of an eye-witness, and were concrete in 
character. The works of Carl Ritter, his Erdkimde and books 
of travel, were abtruse and teleological, the works of a student 
and thinker. Richthofen writes of him : “Never have all the 
known facts regarding a group of geographical areas, never 
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have all the researches an^J. observations of others, been 
combined with greater completeness or with clearer philo- 
sophical conceptions than by Ritter in his monumental work 
on Asia. He has endeavoured 'to replace the meagre 
descriptions of his predecessors by a chorological representa- 
tion; he has gathered information from the most varied 
sources and kneaded it into an organic and intellectual whole, 
united by the principle of causality.’' {The^Tasks and Methods 
of Modern Geography^ Leipzig, 1883.) 

During the latter half of this century the abundance of new 
facts brought home by travellers of all nations has extended 
our knowledge with remarkable rapidity. But the treatment 
of the subject remained for a long time of the more formal 
and descriptive character. Most travellers contented them- 
selves with descriptions more or less accurate and with 
measurements, and were indifferent to the genetic aspects of 
geography. 

If we except the older works, that of Humboldt may be 
said to have laid the scientific foundation of a morphological 
treatment of surface forms. His calculations of the average 
height ^of the great continents form the starting-point of a 
series of investigations, amongst which may be mentioned 
those of A. de Lapparent (1883), Von Tillo (1889), John 
Murray (1886), and of a number of eminent younger 
geographers. By the side of orography, oceanography has 
made even more remarkable progress during the century, and 
has developed itself into an independent branch of the 
morphology of the earth's surface. Otto gave in 1808 a fairly 
complete account of the limited facts then knowiT about ocean 
forms. Great advances had been made when the American 
sailor Maury published his ^excellent work fifty years later. 
Maury gave a general idea of the extent of the ocean surfaces, 
the forms of coast-lines, the ocean tides and currents, the 
physi<^l and chemical conditions of the water and the various 
organisms that inhabit the oceans, and was also enabled, with 
die help of three lines measured for the laying of the 
Transatlantic cables, to sketch the first section and the first 
map of the floor of the North Atlantic ocean. From these 
data Peschel in 1868 calculated the mean depth of the North 
Atlantic Ocean. 

A new era began in oceanography with the exploring 
expeditions of the English Challenger^ the German Gazelle^ 
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knd the American Tuscarora, al 4 of which were carried out 
almost simultaneously in the years 1872-77. These were 
followed by a series of similar undertakings.^ 

The seas weng investigated in all latitudes and in all zones 
by means of plumb-line soundings and deep-sea therraometer 
readings ; and the ocean sediments were brought, from 
different horizons of depth by dredging-nets. In the year 
1843, Humboldt had known no greater depth than 2000 
metres. From the large number of observations taken by the 
Challenger 2 ,\\d Ttiscarora expeditions, Samuel Haughton was 
able in 1876 to calculate the mean depth of the Pacific, 
Atlantic, and Indian Oceans at 3000 to 3,650 metres. 
Kriimmel in 1878 made a most careful and accurate 
calculation from all known data, and gave the mean depth for 
all oceans at 3,438 metres. 

The old hypotheses of Athanasius Kircher, Kant, Ritter, 
and others, about submerged mountain-systems and submarine 
prolongations of continents had to give place to the newly 
obtained data. It was found that the greatest ocean depths 
were not in the middle of the oceans, but as a rule along the 
edge of mountainous coast-lines. The floor of the ocetfh has 
its different horizons of level ; smooth ridges, extensive 
plateaux with gentle slopes, narrow canal-like depressions, 
connected series of deep hollows extending to depths of 6000 
metres, and even 8,500 metres below sea-level, and undulating 
crust-forms occur in all the great oceans ; but under the water 
there are no toothed mountain summits, no steep aretes, no 
valleys and rayines such as we are familiar with amongst the 
surface forms of the land produced by subaerial erosion. 

The material brought up by dredging-nets shows the nature 
of the sediments that are in cours(^of deposition on the ocean- 
floor. ‘‘On the continental shelf, wdthin the loo-fathom line, 
sands and gravels predominate, while on the continental slopes 
beyond the loo-fathom line, blue muds, green muds, and red 
muds, together with volcanic muds and coral muds, prevail 
the two latter kinds of deposits being, however, more character- 
istic of the shallow water around oceanic islands. The com- 
position of all these terrigenous deposits depends on the 
structure of the adjoining land. 

^ A complete account of the expeditions which have contributed to our 
scientific knowledge of oceanography has been given up to the year 1SS3 in 
Boguslawsky’s Handbuch der Oceanographies vol. i., pp. 390-400. 
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The materials composiiieg pelagic deposits are not directly 
derived from the disintegration of the continents and other 
land-surfaces. They are largely made up of the shells and 
skeletons of marine organisms secreted in the^surface-waters of 
the ocean, consisting either of carbonate of lime, such as 
pelagm Molluscs, pelagic Foraminifera, and pelagic Algae, or of 
silica, such as Diatoms and Radiolarians. The inorganic con- 
stituents of the pelagic deposits are for the most part derived 
from the attrition of floating ""pum ice, from the disintegration 
of water-logged pumice, from showers of volcanic ashes, and 
from the debris ejected from submarine volcanoes, together 
with the products of their decomposition.” (Sir John Murray, 
Brit Assoc., 1899.) 

Throughout the earlier parts of the nineteenth century much 
labour was expended on the description of different parts of 
the continents, but the treatment was too formal to advance 
the conceptions of the connection between the physiography 
and geology of the earth. A desire gradually made itself felt, 
not only to describe, to measure, and to compare the actual 
forms and to follow their distribution, but also to explain their 
origiif and development ; and the two sister studies more fully 
recognised their community of aim. The physical exposition 
of the Swiss Jura mountains by Thurmann, in 1832, gave a 
strong impulse to the new direction of thought in Europe, but 
it was in the wide plateaux of America that the first signal 
successes of physiographical geology were won. The brilliant 
works of Dana and Leslie were followed by those of Powell, 
Dutton, Gilbert, and other pioneer geologists in the Far West; 
by their vivid portrayal of the work ©f subaefial denudation 
the American writings roused the intellectual life of the middle 
of the century to new conc^tions on a grand scale. 

^ The gigantic erosion forms in the Bad Lands, the configura- 
tion of the Rocky Mountains and of the plateaux lands in 
Arizona, Colorado, and Mexico, the wonders of the Yellow- 
stone Park and California, called forth a new and rich literature, 
which demonstrated in the most convincing way that the sur- 
face-forms of those regions are mainly the result of the erosive 
activity of water. 

pavis, MacGee, Chamberlin, and others have worked along 
the same lines in the east of North America and the middle 
States, where ice rather than water takes the first rank as the 
agent which sculptured the prominent surface-forms. 
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Independently of the American^ the writings of Sir Andrew 
Ramsay, and of Sir Archibald Geikie and Professor James 
Geikie in Scotland, gave convincing evidence of the work of 
ice and water ypon the rocks. Riitimeyer contributed in 
Switzerland a brilliant paper on the formation of valleys, while 
Desor elucidated the leading features of desert and nu^raine 
landscapes, and his teaching found able followers in Heim, 
Baltzer, Fellenberg, IJu Pasquier, and Penck. De Lapparent 
and De Margerie in France, Torerl and Helland in Scandinavia, 
Muschketow and Lewakowsky in Russia, are the leaders in this 
direction of study. 

In 1869, Oscar Peschel had collected the principles of physio- 
graphical geology into a systematic form, and thus given the 
first incentive towards converting the study of this subject into 
an independent scientific discipline. Instead of the earlier 
formal grouping of the surface-forms, the treatment of the 
subject now betokened an effort to group together all types of 
form which have a similar genetic history. What Peschel tried 
to initiate in this direction was fully realised by Baron von 
Richthofen in his book, Fuhre 7 ^ fur Forschtmgsreisende (Berlin, 
1886). This work, designed primarily as a guide iit the 
methods of observation, is based for the most part upon the 
personal observations of the author during many years of travel 
in the Alps, Carpathians, North America, and China, and has 
become in Germany the standard work for the systematic treat- 
ment of surface-forms. 

In 1894, Penck accomplished the difficult task of arrang- 
ing our present knowledge of surface-configuration upon the 
basis of leading genetic principles. In his Morpliologie der 
Erdoheffidche^ Penck has presented the chief results of the 
special literature of physiography ^n clear, concise form. A 
comparison of Richthofen’s FuJirer and Penck’s Morpliologie 
with the older works oir orography and hydrography, shows 
very plainly the great improvement that has been effected by 
the new methods of study in the domain of geography. 


CHAPTER III. « 

c 

DYNAMICAL GEOLOGY. 

Tn the days of the Greek philosophers attention had been 
frequently directed to the changes in the surface conformation 
of the earth, and the natural forces which produce them. 
Herodotus, Aristotle, Strabo, Seneca, Pliny, and others con- 
tributed valuable information regarding wind and weather, 
springs, water-courses, inundations, and earthquakes. A sys- 
tematic treatment of these agencies, with reference to the 
changes produced in the earth’s surface, was first carried out 
by the Belgian mathematician, Simon Stevin (1548-1620). 
But ^t was not until two centuries later, after the physical 
investigation of the earth’s surface had been conducted along 
scientific lines, and had shown the influence of these agents 
upon the existing conformation of the earth’s surface, that 
geologists began to correlate the past changes in the earth’s 
surface with similar natural causes. Then dynamical geology 
gradually developed as a branch of study intermediate between 
geography and geology, which was fostered from both sides, 
and proved useful to geography in so far as it elucidated the 
present constitution of the earth’s surface, to geology in so far 
as it served to explain tke successive phases in the earlier 
ages. 

Hutton and Playfair had expressed the view that all earlier 
geological events were explicable upon the basis of the forces 
and phenomena still in action. The Scottish geologists had 
pointed out the importance of realising the high antiquity of 
our earth, and the gigantic work that might be accomplished 
by physical agencies small in themselves but acting throughout 
long periods of time. The fame and authority of the great 
Frenchmen, Buffon and Cuvier, lent support, on the other 
hand, to the conception of repeated earth catastrophes. 
Approaching the subject, as they did, from the standpoint of 
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the natural historian, rather than fr«m the more critical stand- 
point of the physicist, chemist, or geologist, the Erench 
scientists and their adherents were impressed by a sense of 
the utter disproportion between the infinitesimal changes now 
taking place under the eye of man and the magnitude of the 
topographical and biological changes evinced in the reniote 
past. Changes of such magnitude must, they argued, have 
been the result of stupendous revolutions in the organic and 
inorganic world, revolutions who§e causes and elfects were 
different both in kind and in degree from any known pheno- 
mena of the present age. 

The “ Catastrophal Theory met almost simultaneously in 
Germany, France, and England with strong opposition. In 
the year i8i8 the Royal Society of Sciences in Gbttingen, 
acting on a suggestion of Blumenbach% offered a prize for the 
best investigation of the changes that have taken place in the 
eartNs surface conformation since historic tunes ^ and the applica- 
tion which can be 7nade of such knowledge m investigating earth 
revoluiio7is heyo7id the domam of history P 

This subject was handled by Carl Ernst Adolf von Hoff with 
brilliant success. The first volume of his great work tr^ts 
of the relation between land and sea in historic time, the 
extension of the ocean surface owing To the erosion of the 
coastal territories and invasions of the continents. The 
volume betokens complete mastery of all the literature on 
the subject, from the authors of antiquity to the nineteenth 
century. Von Hoff proves the baselessness of the tradition of 
a buried city, Vineta, on the Pomeranian coast, and regards 
with scepticism tffe alleged discovery of an old map in Heligo- 
land with geographical details of this island in the ninth, 
fourteenth, .and seventeenth centuries. This map was found 
afterwards to have been fabricated. The origin of the Bosphorus 
and the Strait of Gibraltar as invasions of the Black Sea and 
the Atlantic Ocean respectively is held to be probably correct 
by Von Hoff, but he disputes the occurrence of these events 
within historic time. With scholarly skill, Von Hoff proves 
that the Platonic ‘^Atlantis” and the submerged island of 
“Friesland” can only be regarded as fables. An excellent 
description is given of the changes occasioned along the sea-; 
board by the deposition of sediments, and is illustrated by 
reference to the Nile delta, the recent formations on the north 
coast of Africa, Syria and Asia Minor, the Black Sea, in the 
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Greek Archipelago, in tb^ Adriatic and Tyrrhenian Seas, on 
the north coast of the Mediterranean Sea, and on the shores of 
the Atlantic Ocean, the North and Baltic Seas. 

The second volume treats of volcanoes,^, earthquakes, and 
geysers. The author brings forward no new hypothesis about 
the^ causes of these phenomena, but follows largely the 
views of Von Humboldt and Von Buch. The chief merit 
of Von Hoff is his careful epitome of all reliable informa- 
tion regarding the changes and disturbances which have 
been produced by volcanoes and earthquakes within historic 
time. 

Ten years elapsed between the appearance of the second and 
the third volume of Von Hoffs work. During the interval 
the first volume of Charles LyelFs Principles of Geology was 
published, and its influence upon Von Hoff is quite apparent 
in the third volume of his work. In this third volume. Von 
Hoff discusses the causes of the degradation of land. The 
changes in surface conformation and the gradual destruction 
of a continent are referred to atmospheric agencies, to the 
chemical and mechanical action of water, snow, and ice, to 
living organisms, and to the erosive action and usurpations 
of the sea over coastal territories. He discredits Buckland’s 
hypothesis of a universal flood in a learned and convincing 
chapter. 

The meritorious work of Von Hoff did not meet with the 
full recognition which it deserved. This arose largely from 
the fact that Von Hoff drew his data almost wholly from 
literature, his modest circumstances not permitting him to 
visit the localities of which he wrote; his^ conclusions were 
therefore based upon historical evidence. 

In France, Constant ^.Prdvost, quite independently of Von 
Hoff’s work, attacked the catastrophal theory of Cuvier. In 
1825, Provost announced his view that the physical conditions 
and phenomena of the present age were in every respect similar 
to those which had characterised the past geological epochs. 
In 1828, he repeated this opinion, and protested against 
the frequent inundations by the sea assumed by Cuvier and 
Brongniart to have taken place in the Paris basin. Prevost’s 
^attack upon Cuvier’s theory had little effect, as it was not 
supported by any new data, and he weakened his arguments 
by allowing that certain geological forces might have developed 
stronger energies in past epochs than in the present. 
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The strongest combatant who ei^fered the lists against the 
catastrophal theory was Charles Lyell,^ a Scotsman by birth. 
Like his two older contemporaries, Alexander von Humboldt 
and Leopold von Buch, Lyell had the good fortune to enjoy 
an independent patrimony and to be able to devote himself 
wholly to science. While he was a student in Oxford, he 
attended Buckland’s lectures and showed a great interesi: in 
entomology. During pne of his vacations he accompanied his 
parents on a three months’ tour through France, Switzerland, 
and Upper Italy. It was then that Lyell felt his enthusiasm 
aroused for geological studies. Although he completed his 
law course in the following years, he spent his leisure hours 
on geology. In 1823 he was in Paris, where he made 
the acquaintance of Cuvier, Humboldt, and Prevost, and 
afterwards made excursions mth Constant Prevost in the 
West of England and in Cornwall. In the same year he 
visited Scotland in the company of Buckland. 

The manuscript of his Prmctples of Geology was almost 
complete in 1827, but before printing it Lyell felt the necessity 
of being able to bear personal testimony upon many points. 
Now followed a period in which he travelled to one j^ce 
and to another, collecting a large number of new data, and 
enjoying the intercourse of the greatest geologists of his day. 
In the companionship of Murchison and his wife, Lyell in 1828 
visited Auvergne, the Velay and Vivarais, the Riviera, the 
neighbourhood of Turin, Verona, and Padua. He then con- 
tinued his journey alone to Parma, Bologna, Florence, Siena, 
Rome, Naples and Sicily, and returned home by Paris. His 
chief interest diTring these journeys was concentrated upon 
volcanoes and the young Tertiary formations. 

The first volume of the Principles appeared in 1830, the 
second in 1832, and the third in 1833. Meanwhile Lyell 
continued to enrich his knowledge by frequent journeys to 

^ Charles Lyell (afterwards Sir Charles Lyell, Baronet) was born at 
Kinnordy, in Forfarshire, Scotland, on the 14th November 1797, and was 
the son of a rich proprietor and the eldest often brothers and sisters. He 
passed his early childhood near Southampton, where his father had rented 
a country-house, attended school at Ringwood and Salisbury, studied in 
Oxford, then settled in London, and spent the rest of his life either in 
London or in travelling. He died' in 1875, and was buried in Wesf- 
minster Abbey. (T. G. Bonney, Charles Lyell and Modern Geology ^ Lon- 
don, 1895, and Life^ Letters^ and Journals of Sir Charles Lyell, Bart,, 
edited by his sister-in-law, Mrs. Lyell, 2 vols., London, 1881.) 
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different parts of the Con|:inent In 1831 he gave a course of 
lectures on geology in King’s College in London. But Lyell 
would not undertake the duties of a Professor for any length 
of time. He resigned his post in order to devote himself 
exclusively to science. His wife Mary, a daughter of the 
geologist Leonard Horner, proved a devoted companion in 
all lais journeys throughout their long, happy, childless mar- 
riage, and was a zealous helper to hirp in his work, sparing 
him many of the laborious^ researches that might have been 
arduous for his weak eyes. 

The publication of the Principles placed Lyell in the first 
rank of geologists, and won for him universal recognition as a 
fine observer, an acute thinker, and a master of language. The 
success of his work was unexampled. In spite of its compre- 
hensive character, six editions of it appeared between 1830 and 
1840, a seventh in the year 1847, the eighth in 1850, the ninth 
in 1853, the tenth in 1866, the eleventh in 1872, and the 
twelfth shortly after his death in 1875. Throughout the long 
space of thirty-five years between the first and last editions, 
Lyell was indefatigable in his efforts to improve the work, to 
widen his range of knowledge by his annual tours, and to test 
his opinions by intercourse with his geological colleagues. 
Lyell was as much at home in the geology of Germany, 
Belgium, France, Switzerland, and Italy as in that of Great 
Britain. 

In the summer of 1834 he visited Denmark and Sweden, in 
1837 Norway, and in 1841 he undertook his first journey to 
North America. He stayed there one year, on this occasion 
visiting chiefly Canada and the eastern paTt of the United 
States. He published an account of the journey in 1845, in a 
special work entitled Travels hi North America, Soon after 
the publication of this volume, Lyell again crossed to America 
and investigated the southern states. The account of this 
journey appeared in another independent volume in 1849, and 
the work contained, in addition to geological observations, 
much interesting matter regarding the people and their social, 
political, and religious relations. 

In 1854, accompanied by the German geologist Hartung, 
Lyell spent several weeks in Madeira and the Canary Isles, 
where he studied the volcanoes. In his later years he re- 
visited North America twice, and went to Sicily and other 
parts of Europe, sometimes for the investigation of some 
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geological question, sometimes for the sake of physical and 
mental relaxation. The Frindples of Geology was published 
originally in four volumes. The first volume deals largely with 
the climatic variations in the history of the earth, and the 
influence of the^e upon local physical conditions and the 
nature of geological deposits. The second volume treats 
chiefly of the agencies of denudation and erosion, and com- 
prises special chapters on volcanism. The third volume 
contains a description of coral reefs, and discusses the various 
means by which organic remains may be preserved. The 
fourth volume is devoted to historical geology, and as Lyell in 
writing it adopted the results obtained in the previous volumes, 
he produced a geological text-book upon a basis which was at 
the time quite new. This volume was afterwards published 
independently under the title of Elements of Geology ^ and 
passed through six editions before the year 1871. 

The authors aim in Principles is described in the 
alternative title of the work as “an inquiry how far the former 
changes of the earth’s surface are referable to causes now in 
operation.” After an elucidation of some leading conceptions, 
and a short but excellently written history of geology as fm* as 
Cuvier and Brongniart, Lyell discusses the causes of the slow 
development of his science, and the many false directions into 
which it had so often been misled. 

He shows how theological prejudices and the stubborn 
adherence to the Mosaic reckoning of time had stood in the 
way of a right appreciation of the earth’s history. The defec- 
tive knowledge of physical phenomena now in operation on 
the floor of the ^cean and in the interior of the earth had also 
served to retard the progress of knowledge respecting the 
formation of the primitive earth-crust. But in Lyell’s opinion 
the greatest stumbling-block had been presented by the quite 
unphilosophical hypothesis that forces different from any 
known in the present day had been active in earlier epochs, 
and that the physical forces still existing had in the past been 
stronger in their action, and had produced effects which could 
not now be equalled. Further, the supposition that the sedi- 
mentary deposits had originally extended uniformly over the 
whole earth, as well as the catastrophal theory of suddeji 
^changes in the distribution of land and sea, in the climatic 
relations, and in the organic creation, had, according to Lyell, 
been hurtful to a healthy development of geology. 
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The climatic variations former periods of the earth 

were discussed by Lyell in considerable detail. He opposed 
the opinion that climatic changes had been due to the gradual 
cooling of the earth from an originally molten state, but admitted 
that during the Tertiary and Diluvial epochs there had been a 
warmer climate in Europe. During the Secondary epochs 
reef-corals had inhabited the temperate zones, and in the 
Carboniferous epoch tree-ferns and other^ plants indicative of a 
moist and warm climate had diourished as far north as 75" N. 
latitude. Lyell traced climatic variations to the varying dis- 
tribution of land and water, to the influence of ocean currents, 
to icebergs, and the accumulation of glacier-ice m the polar 
districts and in the high mountain-chains. He pointed out the 
geological phenomena characteristic of the Carboniferous epoch 

the wide distribution of submarine volcanic products and 

pelagic limestones, the basin-shaped occurrence of the sedi- 
mentary rocks, the absence of large terrestrial and fresh-water 
vertebrates, the absence of purely fresh-water deposits, and the 
insular character of the flora. From all these characteristics, 
Lyell concluded that the northern hemisphere had been 
covered during the Carboniferous epoch by an island -studded 
ocean. He then depicted the later epochs, showing that 
during the Secondary epochs large continents^ arose in the 
temperate regions and produced a change of climate; during 
the Tertiary time the continents in the northern hemisphere 
became more extensive in the direction of the North Pole, while 
the Alps, Apennines, and Pyrenees rose as massive mountain- 
chains, and promoted the gradual approach of the present 
climatic conditions. ' .t j 

Lyell, in the earlier editions of the Principles, attributed 
little importance to the influence of astronomical causes upon 
terrestrial variations of climate; afterwards he thought these 
more worthy of consideration. More especially the changes in 
the eccentricity of the earth’s orbit and in the precession of the 
equinoxes were treated as important climatic factors, and 
turned to account in the explanation of the Ice Age. 

Having opposed the “ Catastrophal Theory ” in the first 
volume of the Principles, Lyell tried to establish the unifor- 
mity of all natural agencies in past epochs and in the present, 
and both in the organic and inorganic world. 

The subject-matter of the second volume covers the same 
ground as Von Hoffs work, but while the German geologist 
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limits himself to a compilation from data rccordcd^ in litera- 
ture, Lyell adds his own observaffons in confjrnialion of, or 
opposition to, received opinions. The geological action of 
water is first discussed. The destructive and transporting 
agency of running water is demonstrated by numerous examples, 
amongst others particular interest attaches to the admiralrle 
exposition of the channeling of the Simeto bed at Etnatand 
the erosion of the Niagara ravine. Lyell, in the earlier editions 
of this volume, was* of opinion, that in addition to stream 
erosion the formation of valleys had been in many cases assisted 
by the occurrence of earthquakes or landslips, or controlled by 
local inequalities in the rate of withdrawal of the ocean, but in 
the later editions he attributed the large majority of valley 
cuttings to river erosion alone. 

Again, in the earlier editions of this volume, ice and glaciers 
received little attention, but in later editions a special chapter 
was devoted to them, and Lyell endeavoured to explain the 
occurrence of erratic blocks as a result of the transportation of 
rock-material by icebergs and floes. 

The chapter on volcanoes and earthquakes includes not only 
a summary of their distribution and manifestations, bu^also 
detailed descriptions of the district of Naples and Etna. In 
describing Monte Somma, and the volcanoes of the Canary 
Isles and Santorin, Lyell opposes the theory of Elevation- 
craters,” and explains the circular walls of inclined strata round 
a central crater as the ruins of former cones of ejected material. 
In connection with earthquakes, attention is especially directed 
to the accompanying phenomena of crust-fissures and alterna- 
tions of level.% The variations at the temple of Serapis, 
near Pozzuoli, are instanced in illustration of the frequency 
with which changes of level may take place in opposite 
senses. * 

The slower variations of level, independent of volcanism, 
and affecting large areas, were not fully treated by Lyell in the 
early editions of the Pj maples; but after his travels in 
Scandinavia, a chapter on this subject was introduced, and in 
. it Lyell supported the view that the northern portion 'of 
Scandinavia was slowly rising. 

Lyell attributed volcanoes and earthquakes to the high 
pressure exerted upon the crust by subterranean vapours atid 
gases which become heated and endeavour to expand. 
Chemical, electrical, and magnetic influences cause, according 
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to Lyell, local rise of temperature in the earth’s crust, so that 
larger and smaller reservoir's of melted rock-material may 
accumulate. If the water and gases impregnating the rocks 
are converted into vapour, volcanic eruptions and earthquakes 
ensue. The slow elevations of the ground are^-also referred by 
Lyell, in the later editions of the Principles^ to subterranean 
rise af temperature and to the consequent expansion of the 
solid rocks, whereas decrease of temperature or the removal of 
gaseous material gives origin tg subterrandan cavities, inthrows, 
and subsidences. 

Lyell was. during the greater part of his life an opponent 
of Larnarckism. In the early editions of the Frmciples, he 
recognised the occurrence of constant change in the organic 
world, but refused to associate the modification of living forms 
with any definite history of evolution during the successive 
geological ages. He began with the fundamental question 
whether changes in the animal and plant world were still in 
progress, or if organic creation had already arrived at its 
highest development. After discussing Lamarck’s views on 
the production and modification of organs, Lyell enumer- 
ated a number of data regarding the limits of variability 
of, wad and domestic -species and the results of cross- 
breeding, and expressed his conviction that each species 
had been created with the characteristics still presented by 
it. He allowed that species can to a certain extent accom- 
modate themselves to their environment, but asserted that 
the possible changes were slight, and rapidly accomplished, 
having no influence upon the essential characteristics of 
the species. He held that unlimited variability was further 
prevented by the natural aversion of species in the wild 
state to cross-breeding, and by the small fertility of hybrids. 
Lyell afterwards revoked rthese opinions, a change in his 
views having been effected by the writings of A. R. Wallace 
and Charles Darwin. 

The two famous papers of these authors on the variability of 
species appeared simultaneously in the year 1858 in the 
publications of the Linn^an Society. Darwin’s epoch-makin<r . 
work on the Origm vf Species by Natural Selection was* 
published in the following year, and another work of that year 
was W. Hooker’s Flora ^Australia, 

Lyell, together with the great zoologist Huxley and the 
philosopher Herbert Spencer, at once enthusiastically accepted 
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and upheld the newly-founded doctrine of descent. And the 
tenth edition of iht .Principles, published in 1866, contains an 
excellent account of the leading principles of Darwin’s work 
and its bearing upon scientific thought The chapter on the 
geographical distribution of plants and animals, upon which 
Lyell had spent considerable care in earlier editions, had to be 
completely re-written in the light of Darwin’s theory, * As it 
now stands, this chapter presents a wealth of fine observations 
and geological conclusions, and is an admirable model of the 
scientific treatment of a subject. The extinction of species is 
explained through changes both in the organic and inorganic 
world, the appearance of new species is attributed to the 
modification of progenitors. 

In the eleventh edition, Lyell summarised in a special 
chapter the chief features of his work, On the Age cf the Huijian 
Race, which had been published in 1863. In LyelFs opinion, 
all human races and sub-races had sprung from a uniform 
prototype which had originated in one area of the globe. 
All the early human remains gave evidence that the state of 
culture of the first ancestors of mankind had been extremely 
low; and he saw no reason for assuming that man had^taken 
origin through any other agency than the working of those 
universal laws which had determined the origin of species in 
the plant and animal kingdoms generally. 

In the fourth volume of the Frmciples, afterwards adapted 
as the Ekinenis of Geology, Lyell followed the precedent of 
Deshayes and Bronn in his sub-division of the Tertiary 
deposits. He calculated the percentage of living molluscan 
species preseifu in the successive groups of the Tertiary strata, 
and upon the percentages fixed a definite basis of sub-division 
into Eocene, Miocene, and Pliocene formations. Lyell drew 
his account of pre-Tertiary formations for the most part from 
the text-books of Conybeare and De la Beche. He applied 
the term of p?'imary formations to the plutouic rocks and the 
crystalline schists. Lyell opposed the idea that any funda- 
mental distinction existed between plutonic and volcanic rocks, 
and assumed that granitic and other coarse-grained crystal- 
line rocks might still be in course of formation at great depths 
below the surface, and under the enormous pressure of super- 
incumbent rocks. He showed that granite had been intruded 
at various geological epochs, and was by no means invariably 
the oldest rock, as the Wernerian school had taught. Lyell 
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proposed the term 7netamorphlc rock for the crystalline schists, 
which he regarded as normal deposits of sand, clay, or lime- 
stone, subsequently altered in structure by contact with hot 
eruptive material and by subterranean heat. Thus Lyell in 
the question of rock-metamorphism at first preServed precisely 
the attitude of Hutton, but in later years he ascribed the 
processes of crystallisation partially to mechanical causes, more 
especially to strong pressure. 

The appearance of IjyeW s • JPrincipIes was epoch-making. 
Since Werner, no geologist had in such a high degree influ- 
enced and re-modelled the views of geological science. Al- 
though, unlike Werner, Lyell did not impart his ideas directly 
as a teacher, he was personally on terms of intimate acquaint- 
ance with all the greatest of his contemporaries, and no man 
could better appreciate the value of the latent currents in 
scientific thought, nor more skilfully render them intelligible 
toothers. 

Lyell was a master of clear exposition ; his writings appealed 
to a wide public, attracting many to give more serious attention 
to the study of geology, and establishing it as one of the most 
populalt branches of science. 

Throughout his life he was untiring in his denunciation of 
any remnants of the unfounded hypotheses promulgated in 
earlier centuries, and he waged a constant combat against the 
unscientific fabric of the Catastrophal Theory. He taught 
the Uniformitarian doctrine of Hutton and Playfair. The 
earth, in LyelFs opinion, is the scene of never-ceasing change ; 
but while on the one hand he refused to accept the idea of 
universal catastrophes, on the other he saw no cfirect evidence 
of progress and development in the history of the earth. 
The Uniformitarian doctrine^ recognises neither beginning nor 
end in the earth's history, and opposes just as strongly as the 
Catastrophal Theory the conception of a progressive evolu- 
■ . tion., ' 

LyelFs views were welcomed with enthusiasm in Great 
• Britain, and have there had a lasting influence upon the 
methods and tendencies of geological research. In Germany 
also, where Von Hoff had paved the way, LyelFs works 
attained immediate celebrity, and were made widely known 
by several translations. But the personal influence of Von 
Humboldt and Leopold von Buch w’as still too powerful to 
allow a rapid acceptance of the Uniformitarian doctrine. 



DYNAMICAL GEOLOGY. 


197 


France was even more reserved towards this aspect of Lyell’s 
work. The ideas of Cuvier were deeply rooted, and were ably 
supported by Elie de Beaumont and Alcide d’Orbigny. It 
was not until after the death of these two gifted scientists that 
the Uniform itanans could become successful. Many of Lyells 
opinions, more especially his theories regarding crystalline 
schists, were warmly contested, and his explanation of vol- 
canic phenomena a®d mountain-making was afterwards found 
insufficient. At the same tim&, the leading principle of his 
geological teaching — that the key to the solution of the events 
of the past is to be found in the study of the natural 
forces still acting — has remained as the secure basis of 
all modern geological investigation. The recognition of 
this grand principle gave a new significance to dynamical 
geology, and brought it at once into prominence among 
geologists. 

Sir Henry de la Beche wrote in 1835 excellent in- 
troduction to dynamical geology, entitled I/ow to Observe; 
in later editions, the title was changed to The Geological 
Observer, De la Beche followed essentially the same 
method as Lyell, and his book, which is full of new •obser- 
vations and facts, may almost be regarded as a supplement 
to LyelFs Frmciples, 

A. Geological Action of the Atmosphere . — The destructive and 
constructive activity of the atmosphere plays in general but a 
small part in the conformation of the earth’s surface, and was 
for a long time neglected by geologists. Chemical effects can 
only be produced by the atmosphere in its combination with 
water or living organisms. Mechanical forms of destruction 
are effected by the atmosphere in ^1 regions subject to marked 
extremes of seasonal or diurnal temperature, the wasting of 
the rocks being considerably aided by the strain of alternating 
expansions and contractions. The geographer Livingstone 
was the first who observed that in the African deserts' sharp 
fragments sprang away with a ringing tone from the basalt rock 
whenever a hot day was succeeded by a night with very low 
temperature. Other travellers have since confirmed this 
observation, and have ascertained that the so-called “ Ham- 
mada” region undoubtedly owes its surface-mantle of angular 
fragments of stone to the destructive effects of rapid variations 
of temperature. 
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According to Tietze (1886), the debris in the sterile rainless 
mountain-territories of Persia is chiefly produced by the dis- 
integrating influence of insolation. Again, in the region above 
the snow-line in mountain-chains, the accumulations of debris 
are attributable to the daily alternation of frost and warmth ; 
but in^most areas the strain is occasioned not so much by the 
rapid change of temperature as by the presence of water in 
the fine rock-fissures, and the pressure exej^ted during alternate 
freezing and evaporation of th^ w'ater. 

The geological effects of the wind are of importance. 
Neglecting here the disturbances caused by hurricanes, many 
striking phenomena have been traced to the influence of 
wind-borne sand or dust As early as 1847, Naumann 
described polished and furrowed rocks near Hohburg, in 
Saxony, and erroneously ascribed the appearance to the 
action of ice. Heim in two papers, in 1870 and 1874, 
showed that the markings on the rocks had been pro- 
duced by wind-swept grains of dust and sand. Similar 
wind scratches had been mentioned by Blake in 1855, and 
by Gilbert in 1874, from the western states of America. 
Zittel,® Rolland, Walther, and others have reported how fre- 
quently one may observe wind-worn rocks in the Sahara 
with a polished glassy surface, dotted with cavities, or deeply 
scored and fluted. 

Other phenomena of a- more imposing nature in the great 
desert wastes and steppes owe their origin to the wind. In 
the Monument Park of Colorado, the numerous picturesque- 
looking rocky pillars with a narrow basis have been explained 
by Gilbert as remnants left by wind-weathering. The clouds 
of dust borne along by the wind attack chiefly the lower levels 
of the pillars, and reduce yiese so that the top-heavy upper 
portions are gradually undermined. Similar appearances in 
the Arabian desert have been described by Fraas, who called 
them “ Fur-cap Rocks,’’ on account of their characteristic form; 
Walther called them “Mushroom” rocks. More recently, 
“three-cornered” rocks in the dunes and steppes of Northern 
Europe, in the Rhone Valley, in the neighbourhood of Vienna, 
and other European localities, have been attributed to the work 
of .the wind. In the Sahara, pillars or table-like eminences 
have been undercut by wind-borne dust and sand, and remain 
as “island rocks” — the so-called “gurs of the desert.” Long- 
continued action of the wind may hollow out basin-shaped 
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cavities, cbannelsj and tunnels in# sand-dunes, clay, and loess 
deposits, and in glacier ice. 

The formation of sand-dunes is due to the driving action of 
prevailing winds blowing over flat sea- boards and arid inland 
districts. Lyell, De la Beche, and Elie de Beaumont were 
among the earlier investigators of sand-dunes, and later aythors 
have added much to our information on the changes of shape, 
the mode of travel, and the particular kinds of sand character- 
istic of the dunes in various loc^ities. 

The clay deposits so widely distributed in the Pampas of 
South America were considered by A. Bravard in 1837 to be 
seolian or wind-blowm deposits ; but Burmeister regarded 
them as fluviatile in origin, and Santiago Roth as partially 
marine and partially fluviatile in origin, afterwards altered by 
the growth of vegetation. 

The term “ loess has been applied to yellowish clay or 
loam deposits, which were first described in the Rhine Valley, 
and have been found to be present sometimes in remarkable 
thickness over wide tracts of country. Baron von Richthofen 
found in China that these deposits attained thicknesses of 
1500 to 2000 feet, and occurred locally as high as 70010 feet 
above sea-level. He noted the want of stratification and the 
uniform character of loess deposits over great distances, its 
constituents being invariably the finest particles of sand, clay, 
and limestone, no matter what the nature of the ground might 
be upon which the loess had gathered. He further observed 
its porous structure, and showed that the rootlets of grass 
growing on its surface gave origin to pipes similar to those 
which perforated the whole mass. Another important feature 
was the rich occurrence of remains of land molluscs, and of 
herbivorous and other mammals, whereas fresh-water shells 
were absent. Upon the evidence of those observations, Von 
Richthofen concluded that the loess had originated as wind- 
drift. And he pointed out how the dry, fine-grained material, 
readily transported by wind, would naturally tend to accumu- 
late on vast steppes covered with grassy vegetation. At the 
same time. Von Richthofen recognised a “lake-loess” in 
certain localities, in the formation of which water had 
participated. 

This explanation or Von Richthofen’s was then applied to 
European occurrences of loess deposits, but the question 
seems to be one which has to be determined independently 
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in each locality. A number of geologists have upheld the 
opinion of Lyell and Agassiz that loess was of lacustrine or 
fluvio-glacial origin. Glimbel, in discussing the Bavarian 
loess deposits, drew attention more especially^ to the effects of 
intermittent inundations of land during the frequent oscilla- 
tions* in the retreat of the Alpine glaciers; Laspeyres, 
Baltzer, De Lapparent, and others think that torrential rains 
and other subaerial forms of water have assisted in the for- 
mation of loess. * 

B. Geological Action of Water — Springs . — Water takes 
undoubtedly the first and most important place amongst the 
epigene geological agents. Its chemical and mechanical 
activities are partly destructive, partly reproductive. They 
affect the whole surface, and have not only determined 
the present conformation of our planet, but have also given 
origin to a very considerable part of the rock-material of 
the Earth’s crust. 

The authors who have contributed most to our knowledge 
regarding water circulating in the ground are Bischof, Para- 
mell^, Lersch, and Daubrde. Gustav Bischof wrote the first 
scientific account of springs, illustrating it with his own 
numerous observations on the relations of the underground 
water in the Rhine Valley, on the ascent of springs, on 
Artesian wells, and subterranean water-courses. Many of the 
examples cited by Bischof are now familiar in text-books of 
geology and physical geography. LA rt de dkouvrir les Sources, 
a work written by Abbe Paramelle, and translated into 
German by Cotta in 1856, contains excellent hints on 
the methods of finding springs and underground water. 
Paramelle was the most successful water-diviner that ever 
lived; France owes to him the disclosure of numerous 
springs. In 1864 and 1865 B. M. Lersch published at 
Berlin his books on the Chemistry and the Physics of Natural 
Waters. Plis HydrO’ Chemistry gives especial attention to the 
therapeutic aspects; while in the Hydrophysics there is, in 
addition to his own observations, a carefully collected and 
accurate account of all springs previously mentioned in 
literature. Although the arrangement of this work leaves 
much to be desired, the fund of information which it contains 
gives it permanent value as a book of reference. 

The most complete works on natural waters are those 
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published in 1887 by Daubr^e,^ under the titles of Les eaux 
sou^-ierraines a Vtpoquc aciuelle, and Les eaux sous-terraines 
aux tpoques aficienms. They treat in a comprehensive and 
scientific manner the origin, the geological occurrence, the 
physical and ch?imical properties of normal springs, under- 
ground waters, mineral and thermal springs. In an earlier 
work, Daubrde had described the results of his experinlental 
researches on the permeability of different kinds of rock. 
The famous author was not content with a record of his 
own wide knowledge and experience of springs, but exhausted 
all geological and geographical literature on the subject, and 
even referred to special technical estimates and journals. 
In the first volume, Daubrde devoted a chapter to Artesian 
\vells, which he classified according to the geological age 
of the particular water-bearing strata. He distinguished 
common or normal springs and iher 77 ial springs whose water 
moves according to hydrostatic laws, from the tmdergi'oimd 
waters forced onward by carbonic acid and other gases, or by 
vapour. The second volume contains an account of the 
chemical composition and the temperature of springs and 
underground water, and this is followed by a discussion ^f the 
Earth^s heat and the possible significance of the circulation 
and ingress of water in deep horizons of the crust as a means 
of inducing volcanism. The last volume treats of the geological 

^ Gabriel August Daubree, born at Metz, studied at the Polytechnic 
Schpol in Paris ; began his career as a mining engineer in 1834, and was 
sent to England, Sweden, and Norway on a commission from the Govern- 
ment. As mining engineer and Professor of Mineralogy and Geology in 
Strasburg, he devoted his time to the geological relations of Alsace, and 
published in 1849 a geological map of Lower Alsace, following it in 1852 
by an excellent geological description of this neighbourhood. During the 
years 1S57-61 Daubree was engaged in leading and collecting the springs 
of Plombieres, and had opportunities of making important observations 
on the chemical action of thermal water. These were the basis of his 
subsequent experimental attempts to determine the geological action of 
superheated aqueous vapours. In 1861 he became Professor of Geology 
at the Museum in Paris, and displayed untiring energy in this capacity, at 
the same time carrying out a brilliant series of experimental researches for 
which his name will ever remain famous in the annals of geology. From 
the year 1862 Daubree also taught mineralogy at the School of Mines, 
and in 1872 he was made Director of that institute. During the last tw^enty 
years of his life, he was a member of the Commission for the pub^ca- 
tion of the special geological map. Daubree died in Paris on the 29th 
May 1896. He was throughout his long and active cai-eer greatly revered 
and loved for his amiable disposition and noble, conscientious character. 
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work accomplished now and in former epochs by the physical 
and chemical agencies of subterranean water. 

Chemical Action of Water. — The importance of water as a 
chemical agent was early recognised, and its*' corrosive effects 
on rocks were frequently discussed in the older literature. 
K. Gi Bischof^ created a new scientific basis for this field of 
geology. With admirable mastery of the subject, Bischof set 
forth in his Text-book of Chemical and Physical Geolo^siy 
(1846*47) all the chemical processes which take place when 
nieteoric water and different kinds of aqueous solutions come 
in^ contact with rocks. He also enumerated and described the 
minerals and rocks according to their chemical composition, 
structure, texture, and characteristic modes of decomposition. 
The new branch of geology thus outlined by Bischof attracted 
great interest, and soon a large number of special memoirs 
made their appearance. One of the best known works on 
mineral decomposition was published in 1886 by Sterry 
Hunt; it treats for the most part the appearances of decay in 
crystalline rocks. 

Evidences of meteoric weathering of the rocks are shown in 
the changes of colour produced by oxidation, and in the 
removal of the more soluble mineral constituents of rocks. 
The superficial inequalities and degradation produced by sub- 
aerial agents are enhanced by the percolation of water through 
the body of the rock. Continued disintegration of the rocks 
gives origin to soils and coarser debris^ and the effect of dis- 
integration may often extend to a considerable depth below 
the surface, gradually rotting and loosening arvvhole mass of 
rock. The weathering caused by chemical changes alone 
cannot, however, be regarded as a leading factor in producing 
land-forms. Only the miner features of surface conformation 
are due to the decay of rock in situ. The chemical and 
mechanical forces of water must combine to produce the 
major effects in surface conformation. The rapid removal of 
decaying mineral matter by streams and rivers exposes fresh 
rock surfaces to the disintegrating chemical action of the 

* Karl Gustav Bischof, born 1792 in NUrnberg, studied in Erlangen, and 
was afterwards a university tutor there. In 1819 he was made extra- 
ordinary Professor of Chemistry in Bonn ; in 1S22 he received the full 
professorship,^ and contributed in a high degree to the fame of that 
university; died 30th November 1870 at Bonn, 
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atmosphere. The fresh surfaces turn decompose, and the 
cycle of chemical transformation and denudation goes on until 
a land area acquires the particular aspect of erosion which the 
eye has learned to associate with certain characters of rock, 
and conditions of altitude, of meteorology, and of drainage. 
The final phases of the work of denudation would be to reduce 
a land surface to sea-level unless other circumstances t:on- 
spired to prevent complete degradation of the land. 

Highly characteristic forms of weathering may be produced 
ill cases where certain portions of a sheet of rock are more 
soluble than others, and become a more easy prey to the pro- 
cesses of disintegration. Heim has described the scenic effects 
due to the weathering of the different kinds of rock-material 
exposed in many of the mountain plateaux of the Alps. 
Irregular, boldly-hewn outlines and sharp aiguilles are char- 
acteristic forms in the crystalline masses composed of coarse- 
grained granitoid rocks at the higher altitudes of the Alps; the 
finely-serraied ridges with steep slopes and grassy hollows are 
characteristic of the softer shales and clays, while the lime- 
stone and dolomite mountains present alternating terraces and 
prominent escarpments capped by picturesque summit forms; 
in some cases, wide summit-plateaux have been rendered almost 
impassable by the innumerable petty pinnacles and ravines 
into which the rock has been weathered. Such summit- 
plateaux are known as “ Karrenfelder.^’ 

The precise origin of the ‘‘ Karrenfelder^V has long been 
a matter of discussion. Among the earlier Alpine authors, 
Scheuchzer and De Saussure attributed these limestone wastes 
to the erosive Action of occasional floods. Hirzel, who in 
1829 introduced the term of ‘‘Karren,’’ attributed them to 
combined mechanical and chemical weathering acting upon 
perpendicular limestone strata at a certain height above sea- 
level. Among recent authors, Von Richthofen, Heim, Mojsi- 
sovics, and many others explained the jagged and channeled 
character of these high plateaux as in the main a chemical 
effect, due to the action of rain-water containing carbonic 
acid gas in solution, upon the lime carbonate of the rock. 
Favre, on the other hand, associated the particular effect with 
the mechanical operations of glacial water. 

Mojsisovics has described characteristic “ Karrenfelder ’^*in 
Carniola like those in other limestone groups of the Alps, and 
has also observed funnel-shaped depressions on the surface of 
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the limestone rocks of thaj locality, which he attributes to the 
chemical effects of rain-water acting upon the surface. 

These Carniola cavities must not be confused with the 
“dolinas’^ or “swallow-holes,” which are of common occur- 
rence in many limestone areas. The lattei- are explained as 
insinkings of the surface which have taken place after the sub- 
jacent mass of limestone has been undermined by subterranean 
caverns. Recent geological writings h^ve shown that dolinas 
pre-eminently occur along n-atural joints and fault-planes, into 
which surface-water readily passes. 

While dolinas, Carniola cavities, and “ Karrenfelder ” are 
forms of erosion limited to limestone mountains or table-lands 
whose rock is firm and compact, the so-called geological 
“ organs ” or earth-pipes (sand-pipes, sink-holes) occur chiefly 
in plains whose rock-material consists of soft, fissured lime- 
stone, calcareous conglomerate or gypsum. They are cylin- 
drical or funnel-shaped cavities, generally upright in position, 
and filled partially or wholly by loam, mud, or sand. 

Sand-pipes were first described by Brongniart and Cuvier 
(i8ii) from the neighbourhood of Paris, and were called 
“Pv»its Naturels.” In 1813, Mathieu described similar pipes, 
narrowing towards the base, at Petersberg, near Maestricht, 
and he called them “Orgues g^ologiques,” .the name which 
is still commonly used. Other writers of that time, Gillet- 
Laumont and Bory, explained them as due to the solvent and 
mechanical action of water, infiltrating from the surface, but 
this idea was contested by later writers, and various erroneous 
explanations were offered. Lyell and Prestwich examined the 
earth-pipes and sack-shaped depressions in fhe chalk of the 
south of England; and they proved beyond doubt that these 
hollows had been eroded by the chemical action of surface 
water rich in carbonic acid, which had primarily found its 
way along any surface crack, or the fine tubular perforations 
formed by the root-growths of the surface vegetation. The 
infilling of sand and clay was derived from the surface layers 
and soil. 

In the Bparian plain, Penck’s recent researches on the 
glacial and interglacial deposits have brought to light many 
fine examples of sand-pipes occurring in the nagelflue or 
rough limestone conglomerate deposits laid down by glacial 
floods. Penck thought the sand-pipes had been hollowed out 
during the period when the nagelflue presented a surface 
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j exposed to subaerial weathering, and that some of the fine, 

V loose clays had afterwards sunk inlo the erosive and pitted 

' surface of the nagelfiue rock. In many cases, however, the 
sand or clay in the pipes undoubtedly represents the insoluble 
residue left after the removal in solution of the calcareous 
material in the conglomerate. 

Subterranean caverns always formed a subject of gentol 
interest in literature, and have given rise to many traditions 
and superstitions. The ancients held them to be entrances 
into the lower world, and the home of nymphs and fauns. In 
later centuries literature peopled them with all kinds of ima- 
ginery beings, fairies, dragons, dwarfs, and evil spirits, and 
ascribed their origin to earthquakes, inthrows of the Earth’s 
crust, subterranean fires and floods. 

Towards the close of the seventeenth century, Leibnitz gave 
an accurate description of the Baumann cave in the Harz 
district, and Valvasor examined the caves in Carniola. During 
the following century, although the number of accurate descrip- 
tions increased, little advance was made in the explanation of 
their mode and origin. Kant’s Text-book of Physical Geography 
(1801) attributes the origin of caves partly to the erosio]% of 
the rock by water, partly to outbreaks of fire. 

A new epoch in the literature of caves began with Esper’s 
investigation (1770-90) of fossil remains of mammalian bones 
discovered in the French caves. Interest then centred in the 
palaeontological significance of the remains in cave-deposits. 
Cuvier’s Pec her dies siir les osse^nents fossiles contains an able 
summary of all existing knowledge on the subject of cave- 
remains during thfe first two decades of the nineteenth century. 
The two brothers Wagner, in Germany, and Buckland by 
his standard work on the Diluvial Remains of England, 
worthily followed Esper’s example fn collecting information 
and examining ossiferous caverns. The work of Schmirling, in 
Belgium, won well-merited fame on account of its splendid 
illustrations ; it was descriptive of the caverns in the province 
of Liege (1833-34). Marcel de Serres in 183S published his 
interesting Essay Ofi the Causes which have contributed to the 
Accumulation of Fossil Bones in Caves. 

There is now scarcely any difference of opinion regarding 
the origin of caves. A few caves occur in crystalline or clastic 
rocks ; they are the result either of tectonic disturbances, or 
they represent spaces that have formed during the cooling of 
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volcanic magmas. The great majority of caves occur in lime- 
stone, dolomite, or gypsum deposits, and owe their origin 
primarily to the solvent agency of the water circulating through 
the ground. Water as it passes down rock-lissures attacks the 
sides of the rock and widens its own chfainel, the solvent 
action of the water being greater when it is surcharged with 
carbbnic acid. Larger water-courses find their way into the 
widened fissures and may erode complicated systems of tunnels 
and grottoes like those in X^arniola, where the subterranean 
streams act both chemically and mechanically on the neigh- 
bouring rock. The streams partially dissolve the material, 
partially carry it away in suspension, or leave a finely-ground, 
insoluble deposit on the floor of the cave known as ‘'red 
earth.” 

The caverns may be further enlarged by collapse of the roof 
from time to time. PTequently surface-material, or organic 
remains imbedded in the deposits above, are thus introduced 
into limestone caverns. A stream or river-channel eroded in a 
limestone bed may be intercepted by the occurrence of clefts 
and swallow-holes, and the superficial stream may thus be 
gui(Jpd into the system of subterranean intricacies which had 
been previously excavated by the chemical action of under- 
ground water. 

Many caverns were undoubtedly used by the mammals of 
the diluvial period as shelter-places, just as they were after- 
wards used by primseval man. Often, however, the remains of 
mammals that are found imbedded in the soft clay, sand, or 
loam have been subsequently swept into the caves from the 
surface in consequence of roof collapse. During the latter half 
of .the nineteenth century it has been a matter of controversy 
among the authorities on cave remains whether man was or 
was not a contemporary t)f the cave-bear, the mammoth, the 
woolly-haired rhinoceros, and other extinct mammals in Europe. 
The newest contributions to the literature of ossiferous caves 
deal more with their topography, physiography, and acces- 
sibility. The year 1894 was marked by the publication of two 
pioneer works in this particular aspect of the study of caves, 
the one by the Austrian writer, Franz Kraus, the other by the 
French writer, E. A. Martel. 

•The purely mechanical activity of running water is expressed 
in the removal and transportation of loosened fragments of 
rock (ablation), in the grinding action of the transported 
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material as it rubs against the floor and sides of stream and 
river-channels (erosion), and in the*accumulation of the trans- 
ported material as sediments (deposition). The strength of 
the processes of transportation and erosion depends on the 
volume and velocity, or the impulse, of the running water. 
The transportation power of streams and rivers is under 
ordinary circumstances confined within their channels,* but 
although of limited extent it is a phenomenon apparent to 
every observer becai!se of the pnergy of motion displayed. 
The washing away of rock-material by rain is much less 
apparent, but it is extended over far vaster tracts of country. 

A great incentive was given to the scientific study of surface- 
forms and their causes by the brilliant work of the American 
investigators, Hayden, Powell, Gilbert, Dutton, and others. 
While they described the wonderful river erosion that had 
taken place in the table-lands of the western states, European 
travellers were making known the. characteristic forms of 
erosion in the high and barren territories of inland Africa and 
Asia. There the irregularities of the surface are chiefly due to 
the periodic occurrence of torrential rains and the consequent 
sudden increase or rapid rise of mountain-streams, which rush 
as destructive floods over the table-lands, and retreat and 
diminish no less rapidly than they arose. 

Earth-pillars or pyramids occur in majestic forms in some 
places, and offer more familiar examples of the surface-waste 
accomplished chiefly by rain. In miniature, the formation of 
an earth-pillar may be observed in any thick foliage wood after 
a heavy shower of rain. The drops as they fall from the 
leaves upon th^ soil sometimes alight upon small pebbles, 
sometimes upon soft humus. The latter is readily washed 
away, the pebbles remain and serve as protecting caps to the 
soil immediately below, so that eagh pebble and the under- 
lying soil gradually stands out as an individual column. Rain- 
eroded pillars occurring on a grand scale in the Hautes Alpes 
were described in 1841 by Surell; Sir Charles Lyell described 
pillars in the morainic conglomerate in the Tyrol, where the 
larger boulders had served as capping-stones. Hayden made 
known magnificent examples in the conglomerate rock of 
Colorado. Sir Archibald Geikie described their occurrence at 
Fochabers, in the north-east of Scotland, in Old Red coti- 
glomerates. 

Although many writers of the eighteenth century had devoted 
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attention to the erosion effected by running water, their re- 
searches lacked a scientific "basis. Guettard had already laid 
hold of the main principles of ablation and erosion when he, in 
1774 set forth the “degradation” of mountains and the whole 
earth surface. Targioni also explained surface conformation 
upon true principles ; while Eber was such an ardent believer 
in Gifettard’s views that he drew accurate panoramas of the 
Swiss Alps in order that posterity might be enabled to recognise 
subsequent changes in surfac;p conformatiom On the other 
hand, De Maillet and Buffon attributed the excavation of 
valleys to the action of submarine currents during the retreat 
of the ocean and the emergence of islands^ and continents. 
These views were afterwards upheld by Cuvier, De Saussure, 
and Werner, and recur in some measure m the early editions 

Principles. . , t r 

Pallas thought the destruction of mountains and the mrina- 
tion of valleys was associated with intermittent local floods, 
and this explanation found favour with Buckland, Sedgwick 
(182s), Daubeny (1831), Elie de Beaumont (1829), and many 
others. This theory gave support to the ‘ diluvialists, who 
taught that the Mosaic flood was the final and grandest event 
in a series of inundations, and that which had mainly shaped 
the present surface conformation of the globe. It is mtereshng 
to remember that Buckland introduced the term denudation 
to express the scouring and hollowing of the continents which 
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' ‘ ^ ^ he attributed to the action of a universal ^ . 

But the more natural principles inculcated by Guettard and 
> ' Targioni steadily made their way as the number of geological 
observations increased. Hutton and Playfair.nby their admin 
' 'able treatment of the subject, opened up this field of research 
upon scientific lines. In France and England, during the 
early decades : of the nineteenth century, Montlosier and 
Poulett-Scrope explained the origin of many valleys solely as 
i ? . a result of the erosive activity of streams, and this was Lhe 
'i? '' ; view supported by Von Hoff and Kiihn in Germany In 1829 
i: ; . Murchison and Lyell together wrote an essay ' On the Excava- 
tion of Valleys,” in which they showed their appreciation of 
rllT- ' ' the potency of river erosion. This explanation thp came to 
j be currently accepted ; at the same time it is freely admitted 
' "th§,t many valleys owe their primary origin to tectonic causes. 

‘ ‘ ^ Lyell was the first to investigate the work done by erosion 

within a definite period of time. Upon the basis of the 
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advance of erosion he made a eaiculation of the age of the 
Niagara Falls ; his result was afterwards modified by Wood- 
ward and Gilbert. In the second half of this century, the 
rate of river erosion has been examined in minute detail. 
Physicists, geographers, ^nd engineers have combined their 
efforts to obtain an accurate determination of the ra^e of 
movement in the different parts of a river-course, and the 
corresponding carpaoity of the stream to transport solid 
material. Geologists especially iftvestigated the abrasive work 
effected by the transported pebbles and sand in deepening 
and widening a river-channel. In American literature, the 
writings that had the most marked influence upon con- 
temporary science were Dana’s publications in the Reports of 
Wilkef Exploring Expedition and his Manual of Geology 
(1863), aTid Newberry’s “Description of the Grand Canon” 
in his Report upon Colorado (1861), 

Oldham elucidated in 1859 the erosion of the valleys in 
the Khasi Hills of India,. Rubidge investigated the work of 
water in eroding the South African valleys, and in 18 7^0; 
Blanford gave an account of the Abyssinian valleys. Green- 
wood, Jukes, Whitaker, and Topley dealt exhaustively Vitli W.. 
the. erosion of English river- valleys. In 1869, Riitimeyer ^ 

published at Bale his famous work on Valley and Lake 
Formation, which has exerted a permanent influence upoi^'^'^ 
geological thought. Riitimeyer endeavoured to prove that the ' 
majority of the mountain-valleys in Switzerland, including th% 
largest river-valleys, had originated only in virtue . bf stream 
erosion, ^ but th^t long geological periods had been occupied ^ 
in the excavation of the channels. The comm'encemer^ of 
the valley erosion had been coeval with the uprise, of the Alps, 
but erosion had not always progressed with the same intensity. 

Erosion had worked from the foot of the mountains backward 
and upward to higher levels, consequently the ''different por- 
tions of a river-course might present distinct types- df erbsiqn 
(waterfalls, lal^ps, rivers, etc.). A sketch-map illustrating the 
history of the lakes and rivers of Switzerland acbbmpahied • 
Rutimeyer’s work, and was of special value as the &st Sold 
attempt to classify the Swiss valleys according to their ^ological 
age. ■ ^ -f. . ' • 

The American^-geolbgist Gilbert, in 1877, in his Geology of 
the Henry Mo2mfmn6^ ^^R^Yish.td the fundamental laws of river 
action in the erosion ; The researches of Powell and 

, ‘ f Vi ^ ^ 14 
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Dutton in Colorado, and of Davis in Pennsylvania, corroborated 
Gilbert’s results. These American geologists demonstrated con- 
clusively the backward progress of erosion during the excavation 
of a valley, and the definite relation that exists between the 
gradient of a river-bed and the excavating force of the river. 
Hence the base-level of valley erosion could be ascertained with 
great accuracy. 

Following Rlitimeyer’s method, W. Morris Davis depicted 
the different stages in the development of a valley. In its 
juvenile stage the rushing stream furrows narrow channels 
with deep banks; in its mature stages the angle of declivity 
is less, the valleys become broad and the banks gently sloped ; 
in the older stage the valley-bed is worn away to the base- 
level of denudation. Should any crust-movement locally 
lower the base-level, then the cycle of valley-formatibn begins 
anew. Davis then tried to determine the geological age of 
various eroded plains and their drainage systems. 

The publications in Europe during the last two decades 
of the nineteenth century are in the main based upon 
the principles enunciated by Riitimeyer and the American 
writers. 

' A difficult problem is presented by the transverse valleys 
that cut across mountains, plateaux, and sometimes across 
several parallel chains. The theory of origin by tectonic faults 
seemed especially applicable in their case, and many of the 
best authorities at the present day support this explanation. 

* But Medlicott, in 1865, in the Memoirs of ihe Indian Geological 
Survey^ pointed out that not only was the central chain of the 
Himalayas clearly older than the lateral Pliocene chains, since 
the materials of the central chain had contributed to the rocks 
of the lateral chains, but the Himalayan river-courses had also 
been defined previous to the uplift of the Pliocene chains, and 
, had- successfully continued to erode their valleys along the old 
’"lines while these chains were being slowly uplifted. 

J. VV. Powell expresses the same idea in more precise terms 
in his explanation of the course of the Green River across the 
Uinta Range, and of the Colorado River in its deep cutting 
through the Arizona plateaux. In both cases the river passes 
from younger strata into older; and Powell’s explanation of 
the apparent enigma is that after the river had eroded its 
channel rocks were uplifted at one portion of its course, but 
so slow was the rate of uplift that the river was enabled to 
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deepen its channel either pfoporfionately or more rapidly, so 
that it was never diverted from its former course. 

Independently of Medlicott and Powell, Tietze arrived at 
a similar explanation of the origin of transverse valleys in the 
Elburz mountains in Persia, and of the Iron Gates of the Danube 
across the Transylvanian mountains. Tietze refers the begin- 
ning of such transverse valleys to a period when the chains 
across which they ]^ass had nq existence as such, but still 
formed part of a continental plain. The Swiss geologists, 
Heim and Bruckner, support this theory, but it has been op- 
posed by Lowl, who accepts Rlitimeyeds explanation that the 
backward erosion of valleys may finally cut through watersheds 
and even entirely through mountain-chains. 

Within the last few decades geographers have made great 
advances in the detailed knowledge regarding the erosion of 
river-channels, the diversion of river-courses, the serpentine 
windings, the recession of watersheds, and the causes of 
special forms of erosion such as river- terraces and pot-holes. 
These are fully treated in Penck’s Morphologic {^o\, L, pp. 
259 - 385 )- , 

The first exact reports on the quality and kinds of material 
transported by rivers were those made by Mr. Everest (1832), 
who determined that the average annual amount of detritus 
covered by the River Ganges amounts to -g-xu by weight. 
Under the auspices of the United States Government, a very 
important series of investigations were carried out on the 
Mississippi river, . The accurate results obtained there by the 
engineers fiumiphreys and Abbot showed that the proportion 
of material held in suspension by the river was by weight, 
and that the total weight of earthy matter annually transported 
to the Gulf of Mexico by the Mi^issippi river amounted to 
812,500,000,000 pounds. (Report iipofi the Physics a 9 %d 
Hydraulics of the Mississippi^ 1861.) 

Nearly all the great rivers have now undergone examination 
in this respect, and the results obtained have given geologists 
a much clearer conception of the actual rate of progress of 
subaerial waste. In an able essay, entitled On Modern 
Penudatiofi, published in 1868, Sir Archibald Geikie made 
careful calculations of the amount of material annually 
transported by rivers, and showed how an irregular surface 
can be entirely levelled to a plain by the subaerial agencies of 
denudation. 
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A large number of interesting observations have also been 
made by geologists on the wear and tear that takes place on 
broken rock-material in the course of its transport by a river. 
Professor Daubree demonstrated experimentajly the effects of 
mutual abrasion. By subjecting fragments of granite and 
other wcks to artificial means of trituration and friction, he 
produced the rounded water-worn forms of pebbles and the fine 
sand and mud characteristic of river detritus. He also 
showed that the chemical action of the water appreciably 
contributed to the dissolution of the fragments. The de- 
position of the transported material over alluvial tracts at the 
entry of rivers into fresh-water lakes and the ocean, was fully 
and ably treated in the writings of De la Beche, Lyell, and 
Elie de Beaumont. And since the publication of the earlier 
works, the literature has been enriched by the' special 
contributions of Delesse, as well as by the excellent exposition 
of the subject contained in the text-books of Geikie, De 
Lapparent, Von Richthofen, and others. 

The speculative aspect of the invasions of the land by the 
sea !^ad been frequently dealt with in the writings of the 
Greek and Roman philosophers. Careful historical records 
had also been kept of the more striking changes in the 
Mediterranean coast-lines. Von Hoff, in his account of the 
inroads made by the sea, embodied all the previously known 
data, both historical and scientific, regarding the mechanical 
action of breakers, tides, and currents in the erosion of a 
coast-line. New observations were added by De la Beche and 
Charles Lyell ; and Oscar Peschel in his Physical Geography 
(1879) discussed the particular form of coastal outlines in 
their relation to the destructive action of breakers. 

While PeschePs views ©f the action were based upon a 
supposed stationary condition of the coasts, Baron Richthofen 
brought new life to bear on the subject when he pointed out 
that the denudation of a coast may be going on contem- 
poraneously with a movement of elevation or subsidence of 
the land (Chinaj vol. ii., 1882). In the former case, the 
breakers of the retreating ocean can only erode a denudation 
slope parallel wnth the original outline of the beach, and the 
depredations of atmospheric weathering tend to rapidly 
produce an irregular appearance of the surface. As the 
movement ceases, a marine terrace is formed, or if several 
pauses occur at periodical intervals, a series of terraces is 
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formed. In the case of a suisidin^ coast, the effect of 
wave-action would be to destroy resisting cliffs and obstacles 
as the sea advanced inland, and thus to give origin to a 
submarine plain. Sir Andrew Ramsay and Mr. Davison had 
described in geiferal terms the “abrasive” work of the breakers, 
and shown how as the level of land became degraded by 
subaerial forces of denudation, the margin next the sea 
arrived at its base-ievel of erosion, and sank as a denuded 
plain below the advancing sea.* Such a plain was called by 
Ramsay a plain of suhmarme dmndafion. Von Richthofen 
adopted the term “abrasion,” and used the expression a “plain 
of abrasion” to signify more particularly a submarine platform 
whose surface had been abraded during subsidence of the 
land by the destructive action of marine breakers and currents. 
Sir ArcMbald Geikie, on the other hand, thinks that submarine 
platforms have owed their degradation of level essentially to 
subaerial agents of erosion, and that they represent land 
surfaces which had arrived at the base level of erosion before 
they were submerged, the action of the waves merely 
completing the process of levelling. De Lapparent, Penck, 
and many other geologists similarly explain the origin of 
plains of denudation by subaerial erosion. 

Recent maps of Oceanography show at a glance that sub- 
marine platforms sometimes extend for many square miles as 
a marginal belt around continents or islands, and geographers 
find it very difficult to determine the precise conditions to 
which these “ peneplains ” owe their existence in the various 
regions. Sevepl German and Austrian geographers, following 
Richthofen's methods, have conducted special Investigations 
on this subject during recent years (Fischer in 1885 and 
1887, Krummel 1889, Philippson ^892, Penck 1894). 

The old idea, favoured by De Maillet, Buffon, Cuvier, and 
others, that marine currents played an important part in the 
configuration of the globe, has been proved fallacious. Marine 
currents lose their strength as they come into the shallow areas 
near the coast; they increase in strength where they pass 
through narrow channels, especially where, as in the Straits of 
Gibraltar and the Bosphorus, they sweep between two seas. 
The origin of the deeper furrows and basins in the floor ofj;he 
ocean can in very few cases be explained by submarine erosion. 
As a rule, they represent either continental valleys that have 
been submerged or troughs formed by crust-movements. 
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Under Buckland’s term ‘'denudation/' geology at the 
present day signifies that process which, if continued far enough, 
would reduce all surface irregularities of the globe to a uniform 
base-level, but the general term makes no premisses about the 
particular agencies affecting the removal of ‘'surface material. 
The chief qualifying terms in common use at the present time 
are “subaerial," “ marine," and “ submarine." Sitbaerial denu- 
dation practically comprises all the natural operations by which 
land-areas can be lowered ; k includes the action of wind, of 
running water, and of ice. Mamie deiiudation^ so far as it 
affects land-areas, is limited to a narrow marginal belt. Suh 
marine denudation is used to signify the wearing or scouring 
action of the water, or any chemical processes affecting the 
floor of the ocean. 

Hand in hand with the advance of scientific thought regard- 
ing the causes and effects of recent denudation, there developed 
among geologists a clearer apprehension of the evidences of 
denudation in the past. In the beginning of the nineteenth 
century, Berzelius and Hisinger had suggested that the sedi- 
mentary series (Silurian) present in West Gothland might be 
only rremnants of a much wider sheet of deposit which had 
been for the most part washed away. An important step in 
advance was made by Sir Andrew Ramsay in his work On tim 
Denudation of South Wales (1846). Ramsay showed that the 
Palaeozoic sedimentary strata of Cornwall and South Wales 
were composed of fragments derived from older rock-material, 
that therefore this district had suffered immense loss by denuda- 
tion in very early geological epochs. 

Emmrich in 1873 had drawn attention to fhe evidences of 
transportation of Triassic rocks in Southern Thuringia, and in 
1880 Bucking made an apjjroximate estimate of the amount of 
denudation, calculated from the thickness and extent of the 
derived deposits. The researches of Pomel and Zittel in the 
Libyan Desert and the Algerian Sahara, with their numerous 
isolated hills, proved that this area had been denuded on a 
scale of remarkable magnitude, probably by subaerial agencies 
during the Pliocene and Diluvial periods. Dutton’s famous 
work on the Grand Canon showed that the extensive denuda- 
tion of the Colorado lands had been likewise accomplished 
within comparatively recent geological epochs. 

Neumayr, who made in 1885 a special investigation of the 
original distribution and extent of the Jurassic formation, 
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found many evidences leading tQ the conclusion that there 
had been enormous denudation of Jurassic deposits in certain 
areas. These few examples suffice to show how cautiously 
one must use the present disposition of geological forma- 
tions as a basi^ for the reconstruction of maps portraying 
the distribution of continent and ocean in past geological 
epochs. It is almost impossible in the case of the oldet sedi- 
mentary deposits to ^iscertain the amount of denudation they 
have incurred in past ages. • 

Mechanical Sediments m the Ocean . — In the eighteenth 
century, De Maiilet had investigated the deposition of sediment 
on the floor of the ocean. Early in the following century, the 
writings of De la Beche, Lyell, and Elie de Beaumont provided 
able chapters on sedimentation, and explained the deposition 
of detritus over alluvial tracts, and on the floor of fresh-water 
lakes, inland seas, or the ocean. The observations of these 
authors were made chiefly on the English, French, and Medi- 
terranean coasts. 

A classical work on the subject. The Lithology of the 
Sea-Fioor^ was published in 1871 by the engineer and geologist, 
M. Delesse. Beginning with a full exposition of the origin 
and constitution of the material transported from Continent to 
Ocean, Delesse next describes the sediments throughout the 
whole sea margin of France, and then depicts those in the 
other seas of Europe and along the coasts of North and Central 
America. Three coloured maps show the distribution and the 
petrographical character of the marine sediments in these 
areas, and illu?trate for the first time the great variety in the. 
nature of the deposit on one and the same coast. Delesse, 
applying his knowledge of the modern formations of sediments, 
was enabled to reproduce in cart8graphical form the probable 
distribution of land and sea in France during the Silurian, 
Triassic, Liassic, Eocene, and Pliocene periods. Rough 
sketches of a similar kind had been previously prepared by 
Elie de Beaumont, by Lyell and Dana. Those of Delesse 
have been a model for all subsequent efforts in this direction, 
and have never been surpassed. The Atlas by Canu, pub- 
lished in 1895, provides more geological detail, but the maps 
are less clear. 

While the work of Delesse comprises all the important facts 
known up to the year 1871 about the constitution of littoral 
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sediments, it does not enter linto the consideration of deep-sea 
deposits. The samples brought by Captain Brooke, in 1857, 
from the Kamtschatka Sea, at depths between 900 and 2,700 
fathoms, were examined by Bailey, who demonstrated the 
existence of abyssal pelagic sediments composed of the 
shells and skeletons of Foraminifera, Radiolarians, and Di- 
atoms, Similar deposits at smaller depths had already been 
proved by the researches of Ehrenberg, -Joseph Hooker, and 
Pourtal^s. In 1857, soundings were commenced in the 
Atlantic Ocean, when it was desired to establish cable com- 
munication between the Old and the New Worlds. Samples 
of the deposits of the ocean-floor were given to Huxley by 
Captain Dayman, and the examination of these resulted in an 
accurate description of Globigerina Ooze. Between i860 and 
1870 many soundings and dredgings were taken in the'* Atlantic 
Ocean, and the reports of Wyville Thomson, Carpenter, and 
Pourtal^s added valuable scientific information about the 
pelagic faunas and sediments. 

Oceanography was signally advanced by the results of the 
Chailefiger Expedition. The English ship Challenger sailed 
for fcflir years (1872-76) on a voyage of exploration of the 
great ocean basins. The material brought home was investi- 
gated and reported upon by the most eminent scientific 
specialists of the day. The final report by Murray and Renard 
(London, 1891) contains an exhaustive exposition of the 
whole field of modern knowledge regarding pelagic deposits. 
A comparison of this masterly work with that of Delesse, 
shows what a grand accumulation of new fycts had been 
^obtained during the twenty years that had elapsed, and 
more especially how deep a debt of gratitude science owes 
to the promoters and enthj^siastic workers of the Challenger 
Expedition. 

In the Challenger Report all deep-sea deposits are classed 
as “terrigenous” or “pelagic” in origin {anie^ p. 183). The 
former are distributed for the most part along the coast-line, . 
^ upon a shallow submarine platform adjacent to the shore, and * 
a gentle slope descending to lower depths. The pelagic 
deposits owe their origin partly to the organic world, partly 
to ^submarine volcanoes, and cover the floor of the open 
ocean. All the different kinds of sediment are described in 
the Challenger Report macroscopically, microscopically, and 
chemically; their exact occurrence is entered upon maps of 
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the soundings, and a general maptis drawn representing their 
geographical distribution. 

The deposits due to the mechanical action of water are 
almost entirely of terrigenous origin. River detritus and the 
sand and mud produced by wave action are floated seaward 
and spread on the floor by the action of marine currents. 
The blue colouring matter in terrigenous deposits is some*times 
an organic substance, sometimes iron sulphide ; the green 
colour is due to glauconite, the i^d colour to yellow iron ore. 
On the coasts where volcanic rocks predominate, marine mud 
consists of finely triturated volcanic material The pelagic 
“Red Clay” so widely distributed in the Pacific and Indian 
Oceans as a rule occupies the deeper stretches of the ocean- 
floor. According to the investigations of Murray and Renard, 
deep-sea** ‘Red Clay ” is essentially composed of strongly de- 
composed volcanic material, originating partly from subaerial, 
partly from submarine eruptions, and also contains “numerous 
remains of whales, sharks, and other fishes, together with 
zeolitic crystals, manganese nodules, and minute magnetic 
spherules, which are believed to have a cosmic origin” (see 
Murray, “ Oceanography,” Geographical Journal^ 1S99). •The 
Red Clay deposits pass, in most places, quite gradually into 
the calcareous oozes. 

A special interest attaches to the chemical changes that take 
place in the waters of the ocean or the ocean-floor by the 
action of the sea- water upon the various kinds of sediment. 
The zeolitic, manganitic, and phosphatic contents of the Red 
Clay betray w]jat an important part has been played by 
chemical interchange in determining the actual constitution of * 
this extensive deposit. The more accurate knowledge of the 
ocean-floor has thrown a flood of ngw light upon all researches 
regarding the deposits of past geological epochs, their correla- 
tions, their origin, their constitution, their subsequent trans- 
formations, chemical and dynamical It is not too much to 
say that the Challenger Expedition marks the grandest scientific 
event of the nineteenth century. 

Chemical Deposits in Water, — Chemical, technical, medical, 
and geological works' have published innumerable anal)tses 
of the chemical deposits separated in springs, underground 
water, rivers, and lakes. Gustav Bischof summarised the 
most important results of this extensive literature in his 
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Chemical Geology^ and the Jiater work of J. Roth (1879) con- 
tains an even fuller account of this subject The deposits 
formed in a purely chemical way, without any assistance from 
organisms, have been so systematically and ably elucidated by 
Bischof and Roth, that there is now scarcely'any difference of 
opinion among geologists regarding the origin of calcareous 
tufa, travertine, ochre, hydrous ferric oxide or “ moorband pan,” 
siliceous sinter, fresh-water limestone aii4 dolomite, and other 
kinds of spring and fresh-water deposit Mellard Reade has 
more recently calculated the amount of material held in 
chemical solution in rivers and transported by them to the sea. 
If his figures are confirmed by further analyses, they will 
form the basis of far-reaching conclusions. 

The earliest analyses of sea-water made in the nineteenth 
century were those of Vogel, Marcet, AVollaston, and Bibra. 
In the year 1845, the famous Copenhagen chemist, Forch- 
hammer, began a series of researches on the composition of 
sea-water, and twenty years later his admirable treatise on 
the subject was published. Bischof and Roth also investi- 
gated the composition of sea-water. 

Itcnay be said in general that no chemical deposits form on 
the door of the open sea, as the immense volume of sea-water 
holds the substances in solution. Only very small quantities 
of lime carbonate and magnesium carbonate or dolomite seem 
to be deposited under certain conditions. 

In inland salt seas, gypsum and rock-salt separate out in 
large quantities and form thick floor deposits — for example, in 
the Great Salt Lake of Utah, the salt seas of Central Asia and 
Southern Russia, in the Shotts of the Sahara, and in many 
bitter lakes. The process of the spontaneous evaporation of 
sea-water was studied by^Usiglio (1849) Mediterranean 
water, and by his laboratory experiments he determined the 
order in which the various salts are deposited during progres- 
sive concentration of the brine liquor. Usiglio’s results were 
then applied in the production of salt from sea-water for 
commercial purposes. 

An attractive account of the saline basins in the North 
Caspian Steppes was contributed to ErmaiTs Journal by Baer 
111^854. The salt deposits were carefully described, and the 
author concluded from the distribution of the basins that the 
Caspian Sea was formerly of far wider extent. Baer demon- 
strated that the waters of the Caspian Sea are still diminishing 
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in volume, and the salt deposits steadily accumulating in its 
shallow offshoot called the Karaboghaz. 

Gilbert arrived at a similar conclusion with regard to the 
Great Salt Lake of Utah. The surface of this lake is now at a 
height of 4,250 fast above sea-level, but old lacustrine terraces 
are present at higher levels round its margins, the highest being 
940 feet above the present surface-level. Gilbert explain^ the 
shrinkage in the size; of the lake as a result of local meteoro- 
logical changes. Owing to the diminution in the rainfall and 
in the volume of inflowing rivers, the surface of the lake sank 
below its former outlet, and the lake-water became more and 
more saline until it arrived at its present degree of concentration. 

The most complete accounts of the Dead Sea and its salt 
formations are those given by O. Fraas and L. Lartet The 
depositioM of salt and gypsum takes place every summer, when 
evaporation is rapid, and a layer of mud is deposited during 
the intervening period of diminished evaporation. 

Geologists early recognised the agreement of the chief 
products of super-saturation of existing sea-water and salt lakes 
with the layers of rock-salt in ancient geological formations of 
the crust. Fichtel p. 88) had expressed the vievi that 

the Transylvanian salt-deposits represented evaporation pro- 
ducts formed from sea-water, which had found ingress into 
underground cavities after the consolidation of the crust. The 
upright position of salt-veins at Bex, in the Rhone Valley, led 
the younger Charpentier to the conclusion that the salt must 
have originated from sublimation in crust-fractures. 

Several geologists about the middle of the nineteenth century 
suggested the pfobability of a plutonic origin of salt-layers after 
the manner of the massive crystalline rocks. This view was 
warmly repudiated by G. Bischof, who rightly argued from his 
knowledge of the recent deposits *in the Dead Sea and the 
North Caspian depressions, that the salt-deposits within the 
earth’s crust had taken origin in the same way from ancient 
basins of water as they became desiccated. The salt-layers of 
Stassfurt and Kalusz remained for a long time an unsolved 
problem, since no direct comparison could be found between 
them and any natural deposit in present course of formation. 
At Stassfurt, thin beds of highly deliquescent salts succeed the 
main salt-layer j first, a thin band of anhydrite, then a bed of 
deliquescent chlorides, including some sodium chloride, then a 
bed of potassium and magnesium sulphate, and lastly an upper 
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layer of double chlorides of^otassium and magnesium. These 
salts, in spite of their high deliquescence, have been preserved 
from denudation in an exceptional degree owing to the presence 
of a thick protective surface-mantle of clay. 

The subject was treated by E. Reichhardt (1866), and still 
more successfully by F. Bischof (1875), upon the recognised 
principles of desiccation. 

Ochsenius in 1875 set forth the nature of the conditions 
under which the Stassfurt succession might have been formed 
in nature. He supposes a bay or a sea-basin connected with 
the main ocean only by a narrow channel, which was periodi- 
cally closed by crust-movements, or by the accumulation of 
sandbanks or submarine bars which could be surmounted only 
at the highest tides. During the period of closure, wherever 
the evaporation exceeded the inflow of fresh water, a concen- 
tration of the salt water would take place, and gypsum, an- 
hydrite, and salt would be thrown down. If a" permanent 
isolation were finally effected, and desiccation brought about in 
this natural salt-pan, it followed that the salt of the mother- 
liquor must separate out completely in accordance with the 
orde# of their solubility. 

C. Geological Effects of Ice . — The importance of ice as a geo- 
logical agent was much later in being recognised than that of 
water, and this is readily explicable from the more limited 
occurrence of ice and the less striking character of its action. 
Moreover, the regions where ice displays its grandest effects 
were still avoided in the eighteenth century,^ and were only 
familiar to a few bold explorers. The river and lake ice of the 
continents, and the ocean ice of the Polar districts have little 
interest for geologists, since they cannot help much in eluci- 
dating the work of ice in the past epochs of the earth’s history. 
Greater interest attaches to the glaciers of the mountain- 

systems and the inland ice-sheets of the Polar continental 
areas. 

Glaciers are mentioned for the first time in literature as 
a subject of scientific investigation in Scheuchzer’s Reisebe- 
schreibwig _der Schweizer Alpm. The indefatigable and 
learned scientist records the few observations of Simler and 
ttottinger on the origin and movement of glaciers, and after 
a carei^ul description of several glaciers visited by himself 
he explains the movement as a result of the infiltration and 
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freezing of water in cracks and other spaces. Scheuchzer is 
thus the founder of the Theory of Dilatation, afterwards advo- 
cated by Charpentier and Agassiz. The pastor Altmann in 
1750, and Gruner in 1760, wrote about glaciers without bring- 
ing forward anyfhing essentially new. They referred the 
movement of Alpine glaciers to the sliding of the ice on a 
sloping base. Neither Scheuchzer nor the two last-named 
authors had given special attention to the moraines. 

A short paper, published in F787, by Kuhn in Hopfner’s 
Maga%in Jilr Helveiiens Nahirkunde^ contained not only 
an excellent description of the Grindelwald glacier and its 
moraines, but the author also followed the old moraines, and 
concluded that the glacier bad formerly been of far greater 
extent. De Saussure’s famous Book of Travels (1796-1803) 
contained* accurate descriptions of the glaciers in Wallis, the 
Bernese Oberland, and the Mont Blanc group. The form, 
arrangement, composition, and movement of the moraines were 
all carefully handled. Saussure also used the moraines as a 
means of determining the extent and the advance and retreat 
of the glaciers, without, however, drawing any general con- 
clusions. Strange to say, he associated neither the smoothness 
of the glacier floor nor the “ Koches moutonnees ” with the 
movement of ice-masses. 

Saussure had in F. G. Hugi a successor who accomplished 
much for the knowledge of Alpine glaciers. A fearless moun- 
taineer, Hugi explored the upper reaches of the glaciers; in 
1827 he even built a hut on the Finsteraar glacier for his 
convenience in ^carrying on researches. He observed many 
facts about the structure and constitution of the snow, firm, 
and ice at different heights, about the position of the firm line, 
about fissures and crevasses which had escaped previous 
investigators. 

In the year 1821, at the Eighth Annual Congress of the 
Swiss Society of Scientists, the engineer Venetz read a paper on 
the variations of temperature in the Swiss Alps, which con- 
tained wholly new conceptions. This important paper was not 
published until 1833. Venetz called attention to the fact that 
there were not only moraines connected with the advances and 
retreats of the Alpine glaciers, but that in addition to those, 
morainic walls occurred at a greater distance from the present 
glaciers, and they gave evidence of glaciation on a scale of 
enormous magnitude in some former period. In 1829 Venetz 
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gave confirmatory evidenos in favour of the much grander 
dimensions of the Alpine glaciers in a past age. In addition 
to the morainic walls he referred to ice transport of the erratic 
boulders dispersed in such numbers in Alpine valleys and 
across the plains at the base of the Alps^, and throughout 
Northern Europe. 

Under the influence of Venetz, Charpentier {anie^ p. 103), 
director of salt-works and a personal friend of Venetz, became 
deeply .interested in glacial" studies. Starting with the idea 
that bis friend had formed erroneous conceptions, Charpentier 
soon became a convert, and declared himself openly in their 
favour. He gave in 1834 a memorable address at Lucerne, in 
which he showed that the large erratic blocks could not have 
been transported by water; that the frequent scratches and 
deep grooves on the rocks in Wallis are the work of glaciers; 
that the occurrence of morainic walls and erratic blocks remote 
from the present glaciers proved incontestably the former 
presence of longer, wider ice-rivers. He thought the greater 
glaciation of the Alps in a former epoch might be explained 
by the greater height which the Alpine summits had once 
attaifted. 

Enthusiasm for the subject was now thoroughly aroused in 
Switzerland. Acting on the initiative of Charpentier, and 
under his personal guidance, Louis Agassiz, in the summer of 
1836, made his first glacial studies at Bex on the erratics in 
the Rhone Valley, and explored the glaciers of Diablerets and 
in the neighbourhood of Chamonix. His fellow-student and 
friend, Karl Schimper, accompanied Agassiz oq most of these 
excursions. The genial Munich botanist had already made a 
study of the erratics on the Bavarian plain at the base of the 
Alps, and had explained tl^em as masses transported from the 
mountains by floating icebergs. 

Schimper, from numerous observations on the variation of 
past floras and faunas, formulated his conception of alternating 
epochs of desolation and re-animation. He identified the 
youngest period of desolation as that during which the erratics 
had been distributed, and regarded it as a great Ice Age. 
Schimper embodied these ideas in courses of lectures delivered 
in Munich to a small circle of friends. In the winter of 
1836-37, Agassiz also gave a course of lectures at Neuchatel 
on glaciers and the Ice Age, and copies of an ode written by 
Schimper on the Ice Age were distributed by the poet 
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himself to the members of Agassiz’ class. In that poem, 
which was re-published in’ 1841, the epoch of ice was thus 
depicted : — • 

“ Ice ofJ:be Past ! of an Age when Frost 
In its stern clasp held the lands of the South, 

Dressed with its mantle of desolate white 
Jvlountains and forests, fair valleys and lakes • 

In July 1837, Agassiz^ laid a^report of his glacier studies 
before the Annual Congress of Swiss Scientists, in which he 
expressed his view that a strong fall of temperature had taken 

^ Louis Jean Rudolph Agassiz, the son of a Swiss Protestant pastor, 
was born 28th May 1807 at Metiers, on the Murten Lake (Canton 
Waadt), He was educated first at the academy of Lausanne, and later 
studied Miedicine and the Natural Sciences at Zurich, Heidelberg, and 
Munich. While still a student he occupied himself with the study of 
recent and fossil fishes, and after the publication of the first part of his 
great work on Fossil Fishes he came into personal relations with Cuvier 
and Humboldt in Paris. In 1832 the already world-renowned young 
naturalist was appointed Professor at the Academy of Neuchdtel, and 
made it an active centre of scientific investigation. In 1834 he paid a visit 
to England for the purpose of studying the British fossil fishes, and in the 
same year received from the Geological Society the Wollaston mediH. In 
the summer of 1836 he began his glacial studies under Charpentier’s 
direction, and pursued them for ten years with striking success in the Swiss 
Alps, in Great Britain, and afterwards in North and South America. In 
1846 he crossed the Atlantic and delivered courses of lectures in various 
towns, and was appointed Professor of Zoology and Geology in the 
University of Cambridge, U.S.A., in 1847. He went as Professor of 
Comparative Anatomy to Charleston in 1851, but returned in 1853 
Cambridge. In 1859, he founded there, with pecuniary aid from private 
individuals and »lso from the State, the fine Museum of Comparative 
Zoology. His public lectures, also the instruction he gave at Harvard 
College, his numerous publications, exhibited such an almost unique 
activity as to procure him great popularity. His interest in his magnificent 
Museum, the opportunities to follow hi# zoological studies, and to take 
part in various marine expeditions which his residence near the sea 
procured him, and, not least, the enthusiastic reception which he had 
received in North America, and the influence he could have there on the 
whole development of scientific life, induced Agassiz to refuse many 
tempting offers to return to his native land, and also the offer of an 
appointment in Paris as a Professor in the Museum. He became a 
naturalised American, and died in Cambridge, Mass., on the I4lh December 
1873. Besides his epoch-making work on fossil fishes and his glacial studies, 
Agassiz published valuable monographs on fossil and recent Echinids and 
Molluscs, and numerous zoological works. In 1868 a report on* his 
journey to Brazil appeared, and was followed in 1871 by another on a 
deep-sea investigation between Cape Plorn and California. To the last 
Agassiz combated Darwin’s theory of evolution. 
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place previous to the uphea;ifal of the Alps ; enormous masses 
of ice had been formed and had extended over the surface as 
far as erratic blocks and the scratched and polished rocks 
could now be observed. 

Schimpet took umbrage that the priority *of the Ice Age 
Theory should, in his opinion, have been stolen from him by 
Agassiz, and the friendship of the two Alpinists \tas broken. 
Schimper afterwards confined himself to Uie publication of his 
Ode and of a scientific com^munication, which he made to 
the Annual Congress when it met in Neuenburg. Agassiz, 
however, continued the researches with unabating zeal ; in 
company with Desor and Studer, he visited the glaciers of 
the Bernese Oberland, the Mont Blanc group and the Monte 
Rosa group, and published the results of his investigation in 
1840, in a work written in French, and immediately translated 
into German by Carl Vogt. 

This work, which Agassiz suitably dedicated to the founders 
of modern glacial research in Switzerland, Venetz and 
Charpentier, contains the first general exposition of glacial 
phenomena in the Alps. For much of his information Agassiz 
relies* upon Saussure and Hugi, but he devotes far closer 
attention to the moraines and introduces the terminology now 
in common use (end moraines, lateral moraines, median 
moraines). 

Agassiz explains the formation of median moraines through 
the junction of two lateral moraines, but, like previous authors, 
he fails to appreciate the existence of ground-moraine, although 
he clearly explains the etching action of sand-grains on the 
rocks at the bottom of the glacier. With respect to the for- 
mation of glaciers from descending firn, Agassiz agrees with 
the conclusions previously arrived at by Scheuchzer, Saussure, 
and Hugi. He regards Scheuchzer’s infiltration and dilatation 
theory as the best explanation of glacier movement 

Agassiz recognises the great merit of Charpentier in having 
drawn attention to the scouring, furrowing, and polishing of 
rocks effected by glaciers, and strongly emphasises the work 
of denudation effected by glaciers on the rocky floor over 
which they move. He describes the hummocky bosses of 
roc]^;; exposed to view on the retreat of a glacier, and notes 
their characteristic striated appearance, and the parallelism of 
the striae and grooves on their surface, with the direction that 
had been followed by the glacier. 
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Agassiz can see no sufficient •evidence of any periodic 
regularity in the advance and retreat of glaciers j the variations 
of the glaciers represent, in his opinion, the result of two 
opposing forces — the forward movement of the ice-masses 
and the solvent auction of the atmosphere. The precise dimen- 
sions of a glacier are, he writes, essentially correlated, with 
climatic conditions; a change of climate produces a corre- 
sponding increase or diminution in the size of a glacier. 
Agassiz regards the testimony in Switzerland as absolutely 
convincing, that the Swiss Alps were formerly almost wholly 
under ice. He contributes a wealth of observations on old 
moraines, rows of blocks left in Alpine valleys, rock-scratches, 
scarred limestone wastes, pot-holes {Gleisckermukle\ and the 
erratics {Findlinge) irregularly scattered on the plain. A very 
valuable Account was given by Agassiz of the original home, 
the course of travel, and the ultimate position assumed by 
many of the famous ‘‘erratic” blocks in Switzerland. 

Not the least interesting portion of the work is. that in which 
Agassiz disposes of various erroneous explanations previously 
given for “erratics ” by geologists of authority— the suggestion 
of De Saussure and Von Buch that the erratics had t)een 
transported by river-floods, the explosion theory of Silberschlag 
and De Luc, the gliding theory of Dolomieu, and the drift 
theory of Lyell. 

After brief reference to the observations of rock-scratches 
and erratics made by Sir James Hall in Scotland, by Brong- 
niart and by Nils Sefstrom in Scandinavia, Agassiz pro- 
ceeds to enunciate his theory of the Ice Age. In conformity 
with Cuvier’s Catastrophal Theory, he supposes that at the 
close of the accumulation of the geological formations 
there took place repeated falls Qf temperature, and that 
immediately before the Alpine upheaval the earth became 
covered with a thick crust of ice. An enormous ice-sheet 
extended over the greater part of P^urope and across the 
Mediterranean as far south as the Atlas mountains, over 
Northern Asia and Northern America; above the ice-sheet 
only the highest summits emerged. 

While the Alps were being upheaved, the icy crust still 
mantled the rocks, and any fragments, dismembered from the 
solid rock during the movements fell upon the ice and were 
carried away upon its surface. After the completion of Alpine 
uprise the climate became milder, and as the ice melted, great 

^0 
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and small crust depressionsi^were exposed where the rocks had 
offered least resistance to the overlying weight of ice, while 
large angular blocks were often left in undisturbed position 
upon the ground-layer of pebble and sand over which the 
ice-sheet had previously moved. ■ 

A very short time after the appearance of Agassizk work, 
Canon Rendu, afterwards Bishop of Annecy, wr*ete a paper 
on the physics of glacier ice. He attributed to glacier ice, 
in spite of its hard and briftle character, a certain ductility 
which enabled it to mould itself like plastic clay to its 
surroundings. In this conception Rendu was much in ad- 
vance of his time, as, no observer had thought of any possible 
connection between plasticity and brittleness. 

In the. same year, 1841, Charpentier published his 
sur les Glaciers^ one of the grandest contributions to the 
geology of his time. This, gifted pupil of Werner, whose 
pioneer researches in the Pyrenees have already been ’ men- 
tioned, describes in the first part of the essay the pheno- 
mena of glaciers with a fine precision, rivalling that of 
S.aussure, and with a completeness far beyond any previous 
contrt.bution bn glaciers. He relies almost exclusively upon 
his own observations, whereas Agassiz frequently used the 
accounts in the literature. The second part of the essay is 
even more important. In it erratic blocks are discussed, and 
the. author brings forward a convincing series, of facts, from 
which he draws his conclusion that only glaciers could have 
transported the blocks and stranded them in their present 
positions. ^ 

. With characteristic modesty, Charpentier claims neither for 
Venetz nor for himself the authorship of the idea that larger 
glaciers had formerly filled the Alpine valleys and had left 
the, erratics, strewn along them. He relates that uneducated 
mountaineers, more especially a chamois-hunter, Perraudin, 
from Lourtier, and a native of Chamonix, Marie Deville, had 
formed this idea and communicated it orally. He also recalls 
a remark of Playfair’s' that had long sunk into oblivion, but 
was the same in effect as Charpentier’s own conclusion. 

The hypothesis, of a connected ice-sheet, which had been 
propounded by Agassiz, was not accepted by Charpentier. In 
the essay, Charpentier explains his arguments against it, and 
he further insists that the maximum advance of the glaciers 
occurred after the upkeaml and partial subaerial demcdaiion 
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of the Alps, and not before th» upheaval, as Agassiz had 
assumed. The particular distribution of the transported 
blocks upon the slopes of the valleys, often in long lines, 
affords, in Charpentier’s opinion, clear proof that river-valleys 
had already beefi eroded in the mountain-system before the 
glaciers made their descent to the plain. Neither dges he 
agree witlw Agassiz that the Ice Age was the result of a 
universal fall of tentperature over the earth associated with 
astronomical causes, but regardsthe climatic variations* in the 
Alps, and the advance and greater dimensions of the glaciers, 
as local phenomena. 

Although Agassiz and Charpentier differed in their general 
conclusions, both followed the true inductive method, and, the 
leading principles which they established by their study of the 
Swiss glaciers have held their place in geological literature.. 
The moraines and appearances produced by them had be!en 
treated by Agassiz with the fullest detail and the most brilliant 
results. But between 1840 and 1845 glaciers themselves 
were made the chief subject of his investigation. 

Provided with physical instruments and a boring apparatus, 
he went in 1840 to the Grimsel Hospice; on the median 
moraines of the Lower Aar Glacier he erected a primitive hut, 
the Hotel des Neuchatelois,’^ which he occupied together 
with his companions, E. Desor, C Vogt, R von Pourtales, 
C. Nicolet, and H. de Coulon. Agassiz and Pourtalfes under- 
took the meteorological observations and the investigations on 
the inner structure and movement of the glaciers. Vogt 
studied the mig*oscopical fauna of the red snow, Nicolet the 
flora of the neighbourhood, Desor and Coulon the glacier 
appearances and the moraines. In the following years, Escher 
von der Linth, the Scotsman J. I^. Forbes, the artist Burck- 
hardt, and others, took part for a time in the work on the Aar 
glacier, and in the ascents of the Jungfrau, which were made 
under the care of the guide Leuthold. 

The researches made from the hut were the first systematic 
observations on the movement of ice in the different parts of a 
glacier under the various diurnal and seasonal conditions, 
and on the temperature of the ice at different seasons, while 
the first facts regarding the thickness and internal structures of 
the ice were secured by means of borings. 

While Agassiz arid his band of enthusiastic workers were 
busy in the high levels, the lower valleys at the north and 
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south base of the Alps were being examined by A. Guyot 
Agassiz had asked him to study the former extent of the 
glaciers and the erratic blocks. The original intention was to 
publish a work in common which should comjorise the results 
of all the participants in the glacier researches ; Agassiz was to 
write the first volume on the glacier phenomena proper, Guyot 
was to write the second volume on the erratic bkeks in the 
Alps, and Desor was to contribute a third volume on extra- 
Alpine* material. Only the fh'st volume was ever published, 
Agdi^^\z\Systh?ie Glaciaire^ 1847, with three maps and nine 
folio plates. Guyot went to Princeton, in North America, and 
placed his 5000 samples of erratic blocks in the Museum 
there. The most important results of his researches were 
published, 1843-47, in the BiiUeiin de la Soci'etc des Sc, nat de 
NeuchdteL ^ 

When Agassiz had, in 1840, made known his Ice Age 
theory, he knew the Northern Diluvium only from the litera- 
ture. A visit to the Glasgow Meeting of the British Associa- 
tion in 1840 afforded him the opportunity of studying the 
erratics in the Scottish Highlands. Together with his former 
oppofient, Buckland, whom he completely converted to his 
views, Agassiz found signs of glacier action widely distributed, 
old moraines, glacier scratches, roches moutonnees, and he 
identified in the Scottish “ Till ” (boulder-clay, ground- 
moraine) scratched pebbles and the fine clay and sand 
material which glaciers push forward on the ground as they 
move. The importance of the scratched pebbles as indications 
of glacial formations was thus recognised for th^ first time. 

In his Glacial System, Agassiz moderated his views on a 
connected polar ice-mantle over the greater part of Europe ; he 
allowed that the glaciation gf the Alps had been distinct from 
that of the northern lands, and that it had taken place after, 
and not before the upheaval of the mountain-system. He 
also accepted the testimony of Rendu and Forbes on the 
plasticity of glacier-ice, and referred the movement of glaciers 
to a combination of physical causes of which dilatation was only 
one. 

The enthusiasm of the Neuch^tel glacialists was infective, 
and for some years glacial studies were highly popular. The 
physicist, James Forbes, from Edinburgh, went for three 
summers in succession, 1842-44, to Switzerland to study the 
movement of glaciers. His results appeared from time to 
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time in the form of letters in the Edinburgh New Philosophical 
JournaL He established the important fact that glaciers move 
more rapidly in the middle than at the sides and bottom, 
and argued from this differential motion that the glacier ice 
behaved like a sTightly viscous mass, which under the influence 
of gravity was bound to flow slowly downward after the ipanner 
, of a lava*^ream. So many of the glacier phenomena were 
explained by Forbes« theory of the plasticity of the ice, that it 
immediately found wide acceptance. 

The Swiss botanist, Martins, explored glaciers in Spitz- 
bergen and Scandinavia. He demonstrated the former greater 
extent of the glaciers in those territories, and made the first 
detailed study of “ ground-moraines,” and the kind of sedi* 
ment deposited by the river out-flows from glaciers (glacial 
diluviuirr). 

In all countries where science was cultivated rapid studies 
were made between 1840 and 1850 in glacial geology; Great 
Britain, the Pyrenees, the Black Forest, Upper Italy, Scandi- 
navia, North America, were diligently and successfully searched 
for evidences of an epoch of extensive glaciation. Germany 
was much longer in accepting the new teaching. L(^pold 
von Buch strongly opposed the results attained by the Swiss 
glacialists, and his influence retarded scientific inquiry of the 
question in North Germany. 

The city of Munich enjoys exceptional natural advantages 
of position for glacial research, seeing that the Bavarian plain 
upon which it stands has been smoothed and scratched by the 
ancient glacier^ upon the Bavarian Alps and the Tyrol, and 
the river Isar, which flows through Munich, gives immediate 
access to the system of Alpine valleys formerly occupied by 
these glaciers. The famous astronomer, Gruithuisen, had 
published at Munich, in 1809, a paper on the erratic blocks of 
the South Bavarian plain, wherein he stated that they had been 
brought from the neighbouring Tyrolese and Bavarian Alps. 
He advanced the idea that glaciers had transported them to 
the low Alpine levels, and then the ice-masses in which the 
erratics were wedged had been borne northward across the 
plains by enormous floods, the same which had spread the 
nagelflue conglomerates over the sub-Alpine Bavarian plain. 
As the* ice-masses melted, the erratics were left in their various 
positions. This was in substance the conception adopted by 
Karl Schimper several decades later. 
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The North German School of Diluvial geologists looked 
with a certain favour upon this explanation, but believed still 
more in the efficacy of water action. The Berlin physicist, 
Wrede, in 1802 gave his opinion that the granite “foundling 
blocks ’’ on the German plain had been brought upon ice-floes 
from the Silesian mountains. Leopold von Buch in 1810, and 
one or two later authors, proved, however, that Scantilnavia had 
been the original home of most of the Ndtth German erratics; 
they assumed that gigantic floods had been the chief agent of 
transport, and that the scratches on the rocks and pebbles had 
been caused by the friction of the sand, pebbles, and larger 
fragments during transportation. 

Bernhardi, Professor in the Academy of Forestry in Dreis- 
sigacker, without any knowledge of the researches of Venetz 
and Charpentier, by his own insight arrived at the true^ solution 
of the problem {Neues jahrb. fur Miner, ^ 1^32). He said the 
polar ice had extended to the southmost edge of the German 
plain now bestrewn with erratics, and that in the course of 
thousands of years the polar ice had gradually withdrawn to 
its present reduced dimensions and more limited fields of 
glaciation. Before Bernhardi, the Norwegian geologist, Jens 
Esmarch, in 1824 had suggested there had been a far greater 
extension of the Norwegian glaciers than now existed. But 
the tide of influence and authority in Germany at the time ran 
in other directions; an Esmarch or a Bernhardi might say 
what they thought, but there the matter ended ; none listened 
while a Von Buch and a Sefstrom said differently. The Swede, 
Nils G. Sefstrom, was the most extreme of the diluvialists. 
He taught that the northern floods had spread diluvium over 
Scandinavia, Finland, Russia, and Germany, and borne frag- 
mented rock-material and big boulders from the northern areas 
as far south as the foot of the Alps. 

During the years 1839-43, a brilliant group of British 
geologists, Lyell, De la Beche, Darwin, and Murchison, 
thoroughly acquainted with the results of the polar explorations 
made by Parry, Scoresby, and Ross, founded the “Drift Theory,” 
which appeared to be a satisfactory explanation of all the 
phenomena. They attributed the transport of erratics and 
the'formation of the thick surface deposits or “boulder forma- 
tions,” known under various local terms in Great Britain, most 
commonly as “till,” or “boulder-clay,” to floating icebergs 
which had drifted far southward from Polar regions. The 
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term “ Drift” then came to be applied to the same deposits 
which had been previously termed “Diluvium” (ante, p, 114); 
and both terms are retained in popular use as synonyms of the 
more technical term “Pleistocene,” introduced by Sir Charles 
:Dyell. • . 

A young Russian geologist, Bothlingk, published in 1839 ^ 
paper of. tstceptional interest descriptive of the “diluvial or 
Pleistocene deposits'^ in Finland and Lapland. In his opinion, 
the greater mass of the “diluvium” had virtually been de- 
posited by floods, but the erratic blocks could only have been 
transported by ice. His work helped to bring the “Drift 
Theory” into favour on the Continent, and comparatively few 
of the leading geologists in Europe at that time lent a willing 
ear to the ice theory of Swiss geologists and their conception 
of a conHnuous ice-sheet, or glaciers hundreds of miles long. 

The departure of Agassiz for North America in 1847 took 
away from Europe the best-known and most powerful exponent 
of glaciation, and a period of stagnation ensued in glacial 
geology. 

Seven years passed, and another enthusiastic glacialist took 
the place of Agassiz in European literature. Sir Andrew 
Ramsay^ not only proved the former glaciation of Scotland 
and Wales, but recognised traces of two Ice Ages in the con- 
stitution of the breccias and pebble-beds of Malvern and 
Abberley. He also found evidence of glacier action in the 
Permian period, and this raised anew the questions of climatic 
periodicity and ice erosion. Venetz and Moiiot had been of 
opinion that ckiring the diluvial epoch all the greater areas of 

^ Andrew Crombie Ramsay, born 1814, in Glasgow, was intended for a 
merchant’s career, when, on the publication in 1841 of his excellent treatise 
on the geological formation of the island of Arran, De la Bcche secured 
him as assistant for the geological survey, with which Department he was 
connected for forty years, first as survey geologist, then as local director, 
and, after Murchison’s death in 1871, as General Director. At the same 
time he discharged his duties as Professor of Geology at the School of 
Mines in London. Ramsay was ranked as the best field geologist in Great 
Britain. His principal work is a geological description of North Wales, 
which appeared in two editions (i8^66, 1881), He also published a geo- 
logical map of England and Wales, 1859; fifth edition, 1881. Besides his 
official duties, Ramsay occupied himself much with the problems of ph^jsical 
geography and dynamical geology. His Text-book of the Physical Geology 
and Geography of Great Britain appeared in five editions between 1864 
and 1878. (Comp. Sir Arch. Geikie, Memoir of Sir Andrew Crombie 
Ramsay^ London, 1895.) 
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glaciation had been repeateiily covered by ice. This view nnw 
received more credence, especially after Oswald Heer’s re 
searches on the paleontology of the Ice Age in Switzerhhd 
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of striated rocks and his determination of tyS Ind 
ground moiaines, established upon a scientific basis that 
great portion of the Bavarian plain had been an ice-field 
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Professor Penck in 1882 published a work entitled The 
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'Glaciation of the German A/fs, wkich has become a classic in 
the literature. The careful inquiries conducted by Alphonse 
Favre and Desor, and the more recent works of Heim, Du 
Pasquier, and Bruckner, meantime advanced the knowledge of 
topographical aifd geological phenomena due to the glaciation 
of the Swiss Alps, while similar studies have been carried on 
by manyMnnnent geologists in the countries of Northern 
Europe. In Great* Britain, Sir Henry Howorth, Professor 
Hull, and Professor Bonney still support Lyell’s “ drift 
theory”; the majority of British geologists, however, have 
accepted the ice theory, of which Sir Andrew Ramsay, Sir 
Archibald Geikie, and Professor James Geikie have been the 
ablest exponents. 

The exploration of existing masses of inland ice and of the 
glaciers ih the high mountain-systems exerted a stronger fascina- 
tion for many than the study of the deposits of the past Ice 
Age. Dr. Simony, a Viennese enthusiast, has taken accurate 
observations for more than forty years on the Dachstein glacier, 
and Pfaff has studied the glaciers of the Gross Glockner, in 
the Austrian Alps; in Switzerland, a scientific society has been 
founded for the pursuit of glacier research, and measuretnents 
on the Rhone glacier have been taken for many years. 

Amund Helland’s observations on the comparatively rapid 
movement of the glaciers at Jacobshavn surprised European 
scientists, whose ideas of glaciers had been formed mainly on 
the basis of Alpine glaciers. Nordenskiold’s travels, Fridtjof 
Nansen’s bold crossing of the Greenland ice, Keilhack’s and 
Von Drygalskijg careful physical and mathematical geological 
observations on the glaciers and ice-fields of Iceland and 
Greenland, confirmed with irrefutable data the action of inland 
ice-masses and the correctness of/Porell’s explanation of the 
‘‘diluvial” phenomena in Northern Europe. The boldness, 
the enthusiasm, and the achievements of these explorers 
have worked inspiringly on the public mind, and awakened 
an interest in the scientific aspects of Arctic territories 
which finds an outlet in the warm support given to the 
geographical societies in all countries and to the schemes for 
further exploration that are from time to time initiated 

As has been said, Charpentier recognised the worh of 
denudation affected by glaciers, but much broader views of the 
erosive power of ice were formulated by Gabriel de Mortillet in 
several papers published between the years 1858 and 1862. 
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Ramsay then wrote a genersfi paper “ On the (Glacial Oriffin of 
certain Lakes in Switzerland, the Black Forest, (ireat Britain 
Sweden, North America, and elsewhere” {Q. Jour. Geol. Sod 
1862). In this paper Ramsay attributed the excavation of 
many lakes and fiords to the erosive force of* moving ice, and 
Tyndall in the same year gave his opinion that the Alpine 
Yalleys had been excavated by the same agency, 

During the forty years that have elapseci since that^ time the 
erosive force of ice has been a subject of animated discussion 
and still there are two distinct parties amongst glacialists' 
those who oppose and those who support the main issues of 
•Karnsay s discourses. Amongst the supporters or extreme 
glacialists may be counted in Great Britain such geoloo'ists of 
authority as Sir Archibald Geikie and Professor James 
Geikie; in Austria, the geographer and geologist, Professor 
lenckj m Switzerland, Professor Briickner; in Scandinavia, 

1 rofessor Nansen ; while in North America Sir William Lo^an 
was a warm supporter. ■ 

Geologists who oppose the extreme view of glacial erosion 
have pointed out that a variety of local causes may give orio-in 
to lakes and fiords. _ Actual cases have been cited where 
fluvktile, or morainic accumulations, or crust movements 
would sufficiently explain the form of the basins attributed 
to ice erosion. 

Much has been written in physics upon the causes of ice 
moTCment. Of great importance were the experiments made 
_ y Carnot and James Thomson (1849) on the liquefaction of 
ice under strong pressure, and the lowering eif the meltin? 
point below o”, as well as the discovery made by Faraday 
(1850) of the re-union or regelation of fragments of ice with 
moist surfaces. Application of the principle of fragmentation 
and regelation to the phenomena of glaciers was made by the 
leading physicists of the day, Tyndall (1857), Helmholtz 
(1865), and Lord Kelvin, and thus a scientific explanation 
was secured for the theory of glacier motion which had been ^ 
originally advanced by Rendu and Forbes. Professor Heim 
in his excellent Handbook of Glacier d^henouiena (i88^) 
OTtnmarises the whole field of knowledge of Alpine glaciers! 
He decides the question of glacier motion in the main in 
Forbes s theory of plasticity, but he also recognises a 
gliding movement of the whole mass under the influence of 
gravity. 


i 
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Numerous observations in difTArent areas have testified to 
the frequent oscillations of the glaciers during the Ice Age. 
The glaciers appeared to have frequently retired, and ice-fieids 
to have diminished in size as often as any amelioration in 
climatic conditions set in. Such variations may be observed 
in ice-dad regions at the present day. And as the .lique- 
faction ofisfhe ice-masses gives rise to larger volumes of water, 
the frequent local ffoods, of which evidences are afforded in 
the intercalation of fluvio-glaci^l deposits within the glacial 
series, are thought to have been associated with periodic 
oscillations. 

Two main advances of the mountain glaciers and of inland 
ice were determined by Ramsay for the British Isles and by 
Heer for the Alps, and have been confirmed by Scandinavian 
and German geologists upon the evidence of the glacial and 
fiuvio'glacial deposits in their respective countries. In all 
these areas a prolonged interlude of milder climatic conditions 
appears to have intervened between two chief epochs of 
glaciation. But Professor Penck in recent papers has aug- 
mented the number of distinct epochs of glaciation in the 
Alps and North Germany to three or four, thus approaft:liing 
the “five^^ glacial intervals enumerated by Professor James 
Geikie, and the “seven” by James Croll. On the other 
hand, Holst in Norway, Upham and Wright in North America, 
and many other authorities recognise only one Ice Age, marked 
by occasional seasonal or periodic variations of no great 
significance in the dimensions of the glaciers and inland ice. 

It is still mofe doubtful whether geologists have been right 
in supposing that several Ice Ages occurred during geological 
epochs previous to the Diluvial Age. Ramsay, in 1855, 
explained certain Permian conglomerates in England as 
accumulations transported by glacial action, and Dr. Blanford 
applied a similar explanation in 1856 to the “Talchir” con- 
glomerates of almost the same geological age in Central and 
Southern India. It then became commonly accepted that 
extensive glaciation had occurred in the Permian geological 
epoch. Erratics and scratched pebbles have since been 
described from the Silurian rocks in the southern counties of 
Scotland by Moore and James Geikie, and also in the Old 
Red Sandstones or Devonian rocks of Scotland by Ramsay, 

The Miocene conglomerates in the neighbourhood of Turin 
were explained by Ramsay, Lyell, and Gastaldi as material 
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transported by ice, and a Similar explanation was sugaested 
or the exotic blocks in the Alpine and Carpathian “Flysch” 
formation. From time to time examples of boulder and 
conglomerate deposits were reported and were dealt with in 
mention a few examples: in Sutherland 
descriiied breccias with polished blocks in the Karroo Beds of 
South Africa, and in his explanation of them ^slacial in 
origin he was supported by Griesbach'* (1871) and Stapff 
(1899), in Australia, R. D. Oldham explained boulder con- 
glomerates in Carboniferous and Permian time as matS 
transported and stranded by icebergs; Waagen (1887) de- 
Kribed scratched pebbles and polished blocks from the Salt 
Range in the Punjab, and referred them to a Carboniferous 
Ice Age; Notling more recently (1896) concludes they belong 

I'n di mentioned glacial traces 

m the Cambrian rocks of Scotland, and Reusch (1891) in the 
Cambrian deposits of Northern Norway. The conclusion 

ennrh and James Croll is that all the greater 

epochs m the history of the earth have been marked by a 

senes of glacial and interglacial episodes. 

Buc the number of geologists who accept the teaching of 
repeated glacmtion of wide territories is rather decreasing than 
increasing. The minute detail in which geological maps are 
now being prepared tends to show that in many cases alUhese 
Lrfaop'^®”'' of scratched pebbles, and boulder^ and polished 
urfaces may be observed in the sheared and brecciated rock- 
mterial occurring along the planes of great crust-movements. 

^ cautious geologist be wiling to accept 

» enoch afthf ^ remote geological 

™ scratched pebbles and the occur- 

rence of exoticBoulders, unless he be in a position to investigate 

proved ,X 

f ^ crust-disturbance. The 

attitude of present-day geology with respect to the much 
vexed questions of glacial action is to hold an open mind 

towards each alleged example. ^ 

wvvTk® ice-mantle had its chief distribution in the 

north-west of Europe and in the north-east of America - but 
with the exception of those large areas covered by inland ice’ 
the evidence of glaciers is found only in mountain rano-gs 
which still possess glaciers, or in which a very slight climat^ 
depression would call; forth glaciers. HencC thf glSion 


DYNAMICAL GEOLOGY. 237 

during the Pleistocene Age is mo§t simply regarded as repre- 
senting an extreme phase of existing climatic conditions. 

Charpentier thought at first that the glaciation might have 
been due to the former greater height of the Alpine system * 
but he afterward? modified his opinion in so far as he regarded 
an exceptionally high rainfall in addition to a low temperature 
as a necjneary condition in the accumulation of immense 
masses of ice. Chafpentier argued that the atmosphere must 
have been loaded with moistufb, which became condensed 
over the high Alpine regions. 

Many attempts have been made to explain the Pleistocene 
climate, sometimes cosmic causes, sometimes telluric causes 
being selected as the more important. Sir Charles Lyell 
ascribed the climates of geological epochs solely to telluric 
influence'! {anie^ p. 192). He thought the Ice Age in Europe 
and North America was explicable upon some such assump- 
tion as a close grouping of islands round the North Pole, a 
heightening of the continental territories between 70° and So** 
latitude, a submergence of the temperate zone below the 
ocean, and a diversion of the warmth-giving Gulf Stream. 
Escher von der Linth and Desor brought forward (i8(?3) in 
support of this theory their conclusion that the Sahara had 
been totally submerged during Pleistocene time, and that the 
consequent absence of the warm Fohn wind must have lowered 
the temperature of Central and Southern Europe. It has since 
been shown by Dove that the Fohn wind does not come from 
the Sahara, and Zittel and other scientific explorers of the 
Sahara have disproved the old idea that the Sahara was under 
water during the Pleistocene age. 

The principle involved in Lyell’s theory was accepted by 
Sartorius von Waltershausen an^ Stanislas Meunier, who 
assumed a much greater height and breadth of the mountain- 
systems as the chief modifying cause. Meunier showed that 
the accumulation of snow and ice on extensive mountain 
plateaux would of necessity lower the temperature. The 
Norwegian geologist, K. Pettersen, believed that an Arctic 
continent existed between Greenland and Spitzbergen during 
the Ice Age. 

The explanations which have received the widest recognition 
are, however, based upon cosmic causes. The French mathe- 
matician, Adhemar, in 1832 contributed a remarkable paper 
on the “Revolution of the Sea: Periodic Deluges.^’ He 


238 HISTORY OF GEOLOGY AND PALEONTOLOGY. 

drew attention to the eccentricity of the earth’s orbit round 
the sun, and the fact that during the summer season of the 
southern hemisphere the earth is in its nearest position to the 
sun (perihelion), while during the winter season of the same 
hemisphere the earth is at its greatest distance from the sun 
(aphejion); He then argued, since the eccentricity of the 
orbit was variable, sometimes having the form«^-mf a long 
ellipse, sometimes approximating to a cirde, during the epochs 
of greater eccentricity of the orbit, the hemisphere whose 
winter falls in aphelion would undergo a protracted period of 
winter cold. The climate might be thereby rendered so severe 
that stupendous masses of ice would accumulate near the Pole 
in aphelion, and as a further consequence the centre of gravity 
of the^ earth might be shifted. According to Adhemar, the 
conditions favourable for extensive glaciation recur in each 
hemisphere at intervals of 10,500 years, and thus call forth 
periodic Ice Ages. 

Although Sir John Herschel, Arago, and Humboldt were of 
opinion that the eccentricity of the earth’s orbit could have but 
a slight influence upon the climate of our planet, Adhemar’s 
theofy was accepted by Julien (i860) and Le Hon (1868) 
with scarcely any modification. James Croll treated the 
subject of cosmic causes of climatic variation in a memorable 
oxk^ Chmate and Twie (1875). He improved the theory 
enunciated by Adhemar, inasmuch as he showed the depend- 
ence of the prevailing winds and ocean-currents upon the 
eccentricity of the earth’s orbit, and explained how masses of 
ice and snow accumulating at the Pole must, in virtue of their 
radiation of cold, absorption of heat, and condensation of 
moisture, tend strongly to reduce the temperature. Croll 
supposed that the intergli^ial periods were characterised by 
the almost complete withdrawal of the glacier ice, and by 
extensive subaerial disturbance of the glacial deposits. In 
Great Britain, Croll’s views have been accepted by many 
geologists, amongst others by Sir Archibald Geikie and his 
brother. Professor Geikie. Professor Penck and Professor 
Pilar ^ are the best known of Croll’s adherents on the 
Continent. 

< Sir Charles Lyell took objection to Croll’s theory, mainly 
because of the insufficient geological evidence of recurring 
epochs of glaciation; nor can this objection be said to be even 
yet overcome. Neumayr doubts, on the one hand, whether 
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variations of eccentricity could afftct climate to such an extent, 
and on the other, he thinks Croll’s whole chain of argument 
valueless, since, excellent as it is, astronomy has not yet ascer- 
tained with any security that there have been periods of very 
great eccentricity of the orbit Poisson (1837) suggested that 
climatic variations might result from movement of the solar 
system, tprpugh warmer and colder portions of space;* other 
authors have suggested changes in the obliquity of the ecliptic 
or a shifting of the earth's axis as possible causes of variation, 
but science has not yet arrived at any generally accepted 
solution of the difficult climatic problem of the Ice Age. 

D.' Geological Aciion of Organisms . — Scientific research has 
abundantly shown how subtle is the chemistry of life, and how 
important and complex is the part played by the organic world 
in the economy of nature. 

Plants and animals abstract from the atmosphere, from the 
soil and the rocks, certain inorganic constituents which enter 
into new chemical combinations in the active tissues of the 
living organisms, and are partly assimilated, partly returned in 
altered form to the atmosphere and the ground. _• 

Animal creation thus serves as an intermediary between the 
atmosphere and the earth’s surface, utilising and metabolising 
matter derived from both, and effecting transferences from the 
one to the other. 

The present action of living organisms upon the earth’s 
surface is therefore partially to destroy, partially to renew and 
enrich it; and. similar functions were fulfilled by living organ- 
isms in past ages. But more important for geology than the 
changes effected by metabolism and mineral decomposition 
is the consideration of the additions made to rock-deposits by 
the accumulation of organic remains. 

The destructive effects of plant-growth are produced in virtue 
both of chemical and mechanical agencies. When plants 
decay, organic acids develop, and, as Bischof and more 
recently Julien have shown, these have a strong solvent and 
oxidising action upon the surrounding mineral matter. More 
.especially when combined with water they promote rapid 
decomposition of the rocks, and their disintegrating action, 
productive of soil, may be traced to considerable depths below 
the surface. The roots of plants as they penetrate downward 
through the rock-fissures exert a certain mechanical force upon 
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the rocks. Even the rootfets of grass and other vegetation 
bore their way through sub-soil, and thus prepare an easier 
path for the infiltration of surface water and its combination 
with the organic acids as it proceeds on its subterranean 
pssage. While, therefore, a thick covering of vegetation 
help fo potect the ground from sudden landslips and rapid 
smface denudation, and has a beneficent inflwwce upon 
climate, the decay of vegetation slowly and surely rots any 
mineral matter within reach Of the powerful humus acids 
Peat-mosses occupy wide areas in the Temperate and Arctic 
zones, and have been frequently made the subject of scientific 
rpepches. In iSio; Rennie published his work, Assays on 
Feat-Moss, an able treatise on the Scottish peat-mosses: and 
the naWre and origin of peat-deposits were afterwards eluci- 
dated in handbooks by Dau (1823) and Wiegmann* (1837). 
What Rennie achieved for the Scottish peat-mosses, was done 
for the Dan^h and North German peat-deposits by Stegnstrup 
(i 41) and Griespach (1845). These authors defined for the 
hrst time the differences between Sphagnum mosses char- 
pteripic of marshes on mountain -slopes and valleys: low- 
lying or lacustrine growths and deposits of peat rich in rushes 
and sedges; and forest-peat or swamps. A typical example of 
a fpest moss is the “ Dismal Swamp” in Virginia, which Lyell 
descripd in 1841, and Lesquereux afterwards examined in 
more detail. 

Modern deep-sea researches have discovered a few instances 
peat; and according to the new investigations of 
Eugfene Bertrand, isolated coal-beds occur which have been 
mainly formed by sea-weeds, for example the “Boghead” coal 
near Autun, and the “Kerosene” in Australia. The low 
coasts, estuaries, and rivhrsjnouths in tropical lands are fre- 
quently fringed by mangrove-trees whose withered roots and 
ta len radicles form coaly deposits on the sea-floor, mixed with 
a large proportion of the finer coastal detritus. In a similar 
way, drift-wood may accumulate in large rivers, and by the 
process of subaqueous decay may be converted into lignite 
or a substance of the nature of brown-coal. Lyell’s descrip- 
readm Mississippi will be familiar to most 

iossil brown-coal may be compared with these recent forma- 
tions. The origin of brown-coal from plant-decay has never 
been questioned. A valuable monograph onbrown-coal, describ- 
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mg Its physical and chemical CoBstitution, its paleontology 
pological occurrence, and geographical distribution, was pub- 
lished by C. F. Zincken in 1865. ^ 

Fossil peahdcposits occur, so far as at present known, only 
ift the post-TenSiary or Quaternary formation. The black- 
coal deposits of the old formations were frequently compared 
m geologm^ literature with brown-coal, but the homogSt 
stiuctiire. and the runty of good plant-remains in black coal 
threw great doubt upon this dxpk-Miation of its origin. Agr-icofa 
explained it as condensed petroleum, and his opiniori 
still found favour with Voigt in his special work on Coal- 
deposits (1802) and with Buckland (1822) 

Erwan, the opponent of Hutton, even explained coal as a 
Andrei chemical decomposition of Archtean rock, while 
Andreas -Wagner supposed it to represent condensed and de- 
oxidised carbonic acid derived from an atmosphere super- 
saturated with carbon dioxide. Many of the geologists in^he 
eighteenth century upheld the correct explanation^; amongst 
others Scheuchzer in 1706, Beroldingen in his work on cS 

Hutton in 

• eat iiritmn (1785). But it was not until the micro*conp 
was applied to its investigation that the origin of coarfrom 
plant-grovvth mstiu was securely established.^ In 1848 the 
German botanist. Dr. Heinrich Goeppert, proved tlS t e 
vascular cryptogams and conifers whose remains acco^anv 
coal-formations had supplied the material of the deport 
His results were corroborated by Dawson in i8?Q-^but 
even after thw date erroneous conceptions from ^Ime to 
time weie advanced with regard to the kinds of ver^etation 
which had given origin to the coal-deposits. A decisive 
paper _ on the subject was contributed by Giimbel to the 
Bavarian Academy of Sciences iTi 1883, wherein he give 
microscopic sections showing the fine textures of the various 
plant-remains in peat, brown coal, black coal, and anthracite 
transformation of decayed plant-remains into coal takes 
place under the fundamental condition of limited access of 
P™m°ted by heat and pressure. There “ litde 

doubt that all three factors have contributed to the orio-in of 
the deposits of black coal, and Bischof suggLed tW thi 
characteristic chemical and physical consSon S ^e 
varieties of coal^ had been determined by definite relations in 
t e amount of air admitted and in the accompanying heat and 

16 
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pressuie. A considera^ble l#ss of substance takes place diirina 
the tiansformation ; Bischof reckoned that a mass of planf 
materia about eighty feet thick will only yield a coal-sea 
about three feet in thickness. “ 

There still continues a difference of opinion whether black 
‘heplant material had been drifted and 
deposited in the same way as other sedimentary mck. Lvell 

Dorfed geologis^who sup- 

1^ ^ tranaformation of the vegetable matter 

took place iH as in the case of the large proportion of 
peat-inosses, and this is the common opinion of geologists 
In France however, the theory of sedimentation is stronalv 
supported. Grand-Eury, the author of an excellent work p£ 
hshed m 1882, upon the flora of the Carboniferous formation 
fTu®’ conclusion that the coal-seams 

Kv by deposition in lake-depressions surrounded 

by woods. Five years later, the of Henry Fayol 

chai'n ^irought forward a strong 

Cham of evidence in favour of sedimentation from water 
Fayd shows how the pebbles, sand, mud, and plant detritus 
I’y rivers subside according to their weight 
'"c® US independent layers of sediment' 
The coarser pebbles are deposited near the shore, usuSrwlth 

nnd d slope, while the light plant detritus is carried fL out 
and deposited almost horizontally- 

In accordance with the amount of rainfall, the volume 
Stbntnv ® water vary, likewise the erosive 

rh.t if"*^ of the sediments 

Sal alternation of conglomerate, sandstone, shale, and 

F^vef o most coal-basins finds, according to 

deSase of kTn^^'rP Y" upon the basis of increase and 
' rainfall without assuming oscillations of ground- 

De Lapparent has not only accepted the views of Favol and 
applied them generally to coal-basins, but also supported them 
by further arguments. It is in no small measured to the 

KlfS th® g'fted geologist that the sedimentation theory 
lb .held by the majority of French geologists at the nresent 

S^bchsSfus TisSr ‘'r advanced 

the admSn of that_ river-bars controlled 

tne aamission of the inflowing water into the lake-basins. 
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When the river-water was low, oily the most buoyant plant 
detritus could be floated across the bar j when the water level 
was high, sand and pebbles were also carried into the basin of 
deposit (anfe, 220). 

Lake-deposits siliceous earth (‘‘kieselguhr ”) were dis- 
covered by Ehrenberg in 1837 to be composed of 
the silicifi^d valves or fragments of valves belonging to 
unicellular plants of microscopic size, the Diatomaceee. 
These plants exist *both in fre^ and salt water, and their 
remains have gathered on the floor both of inland lakes and 
the ocean. Ehrenberg first demonstrated the presence of 
diatom remains in the ground of Berlin, in the peat-mosses 
of the Liineburg heath, afterwards in samples of pelagic 
deposits, and in the “kieselguhr ’V and ‘^tripoli powder of 
Bilin in *Bohemia, Bichmond in Virginia, and other places. 
The explorations of the Challenger Expedition proved that 
extensive areas of the ocean-floor were covered by the skeletons 
and fragmentary debris of diatoms. In 1889, Weed found that 
the separation of silica from the hot springs and geysers of 
the Yellowstone Park was largely accomplished by diatoms. 

More important is the assistance rendered by certain plants 
to the elaboration of limestone. It has long been known that 
the formation of calcareous tufa is promoted by the growth of 
moss, rushes, and certain algse. On the other hand, it was 
discovered comparatively late in the history of research that 
marine limestones sometimes attaining great thicknesses owe 
their origin to algal organisms. Philippi was the first to 
recognise, in ^837, that the pelagic Nullipores previously 
regarded as polyps or Bryozoa belonged to the group of Cal- 
careous Algje. The name of Nullipores was changed to Litho- 
thamnia and Melobesia, and Unger in 1858 demonstrated the 
important part such organisms had played in the construction 
of the Leitha limestone in the Vienna basin during the 
Miocene period. Two important works on the subject were 
contributed and laid before the Bavarian Academy of Sciences 
by Glimbel in 1871 and 1872. These works not only added 
to the microscopic knowledge of the skeletal structures of the 
Lithothamnian group, but also proved that other skeletal 
remains widely distributed in the Alpine limestones, and 
which had been referred by Schafhautl to the Bryozoa under 
the name of Diplopores, agreed with the structure of the 
Dactylopores. 
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Clmrpentier had previously included 
tlie Foraminifera, and the name of Fc 
rapidly began to be applied to the 
question. IMeunier-Chalmas, how 

the so-called Dactylopc- 

belong to the animal kingdom at all, but i 
In view of Gumbel’s results, these algal 
Ae new name of Gyropordla, were raiad to 
first importance in the history of Alpine : 
their aggregated remains form a vr— --- 

enormous thickness of limestone and doL 
the Eastern Alps. “uu aoi, 

In his work on Chemical Geolo<^' 
lus opinion that the thick deposits of" 
ring in the geological formations 
launas which derived the ( ’ 
carbonate in sea-water. Voider 
source of the lime was for th 


aciyiopores amongst 
iminiferal limestone 
.Alpine deposits in 

'ever, showed in 1877 that 
Foraminifera and did not 
_ . -d were Calcareous Algjc. 
\ orga.3i^is, under 
- a place of the 
rock-building, since 
'^7 . portion of the 

_ d.:Iomite which adorn 

jy, Bischof had r-; 

• marine limestone 
had been formed 
calcareous substance from 


expressed 
occur- 
by pelagic 
. the calcium 

in 1857 showed that the 
. -- -e very small 

sea- water, but the 
Kecent researches support VolgeFs 
more detml into the chemic.l procS 

of pelagic Foraminifera are some- 
arenaceous, and are sometimes 
Orbitohtes), sometimes provided 
^ures or foramin£w(«..f. Nodosaria, 

m 1825 examined both recent and fossil speci- 
--....a, and^misled by the elaborate appearance 
group of Molluscs, but since then Nautiloid 

minifera and the extend 

forms of lowly animal liff^ k comparison with related 

the Ptotoeo. (Si liLoS “■? <» •» 

gmphical, and loological sides if resi'ch °ab„S 

XtSe^’r ' ■XeX'LSu” 

composed^ of dil’ i^Xnlfera^^and'^denio 
Wio. or miome calcriXXi^sTSSf 


proportion ot lime carbonate dissolved ' 
gypsum or lime sulphate, “ 
results, and enter in 
by which the animal 
as a carbonate, and 
binations with 
. 'The “tests" or “casings 
times calcareous, sometimi 
imperforate Miliolina, 
with a number of small api 
Globigerina, Rotalia). 

D’Orbigny ’ 

mens of Foraminifera", a-.J saaia' 
of the shells, he placed them 
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Foraminifera in certain fresh samples of ocean deposit Bnt 
It was not until 18 71, by means of the Challenger Expedition 
that any approximate estimate of the comnocifinn F ^ • 
pelagic oozes could be formed. The ren 3 K a/ 

Renard (1891) on deep-sea deposits discl^es the greLTmporf 

rwf which covers the floorf more e^soe- 

cially of central portions, of the Parifir 

found at depths as great as 2 600 fathon? Tr ° “-1 f 

Sr^p^f cataL'uJ olf thiloicZs" ^ 

tiss°s "Citrathf otlr" "“'r 

occasional V bedsZirfa- remains, although 

the nations of antiquhy S “tv 

coral growths in thr^Td <51 The first mention of the 
Don Juan de Castro fn £ Tp Portuguese writer. 

atolls of the Maidive Islands fand^Z74fprt«F‘‘’l-i°r^ 
a senes of investio-atinnc nn i r Peter Forskai by 
calcareous materiaffor their determined that the 

sea-water b^a mS Srta^v Z from 

akektal aupporta for the soft aSl?"»rL ’® 

.t™. 

epochs, and at Tf p°ei„f da“V ® ^ 

undergone by the skelemnlrnJ^ 

6 oy me skeletal stiuctures after withdrawal of the 


« 


246 HISTORY OF GEOLOGY AND PALEONTOLOGY. 

polyp, the thicknesses and ^eal dimensions attained in virtue 
of the continued upward growth and seaward extension of the 
reef, and the proportion of coral formations in the limestone 
and dolomite rocks of the Alps and other regions. 

Reinhold Forster, who accompanied Captain Cook on his 
voyage round the world in 1778, expressed the view that the 
formation of coral reefs was limited to the seas of warm 
climates, and wrote as follows regarding the mode o^construc- 
tion “ The reef is built up by the lithophyte worms from the 
ocean-floor until it comes within a very small distance of the 
surface of the ocean. The waves wash against this newly-built 
wall all kinds of d'ebris^ mussel shells, fronds of sea-weed, 
fragments of coral, sand, and other material, so that the sub- 
marine coral wall gradually increases in height, and begins to 
be seen above the surface.” • 

The circular form of atoll reefs is explained by Forster as 
the result of a continued effort on the part of coral polyps to 
erect a wall protecting them from dominating winds. James 
Cook added a number of observations on reef-growth, supple- 
mentary to those of Forster ; and John Barrow in 1806 made 
the ftrst attempt to determine the thickness of coral rock on 
an island. Flinders prepared in 1801 a map of the reefs off 
the Australian coast, and in 1814 published an important 
cartographical work, in which he agreed with Forster’s views 
on reef-growth. Peron in 1816 enumerated 245 islands of 
reef-coral, and determined their geographical position between 
34'' north and south latitude. 

Valuable observations were made on the conditions favour- 
able for the growth of reef structures by Chafhisso and Esch- 
holz, who accompanied Kotzebue’s voyage of exploration 
(1814-18) in the southern seas. Adalbert von Chamisso, 
during a prolonged sojourn on an atoll of the Radack group, 
took accurate measurements, upon the basis of which he after- 
wards sub-divided coral reefs into three classes, coastal reefs, 
inland groups, and atolls. Atolls were described as circular or 
ring islands, rising like table mountains from the ocean depths 
and only showing a narrow edge above the water. Chamisso 
distinguished very emphatically the higher side of a reef 
directed towards the prevailing wind from the lower protected 
side, which is frequently interrupted, and through which a 
channel leads into the central lagoon of the island. 

He doubted whether the calcareous rock-material of the reef 
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represented coral structures in thgir actual original position, 
and inclined rather to regard it as a^si'ratified accumulation of 
coral debris^ embedding sometimes larger masses of coral 
colonial growths. Chamisso followed Forster in supposing 
that the coral re^fs began to take shape on the ocean-floor at 
considerable depths, and their own continued growth brought 
them ultimately up to the surface. At the same time, frofn the 
distribution "'of corab islands, Chamisso thought it probable 
that corals settled upon submarjine ridges. Eschholz associ- 
ated the form of the coral islands with the pre-existing form of 
submarine mountains, whose summits they crown. He ex- 
plained the origin of atolls on the assumption that when a reef 
has arrived at considerable dimensions the corals flourish best 
on the outer edge under the constant wash of the breakers 
and surf,.4ind the reef tends therefore to increase more rapidly 
there ; the lagoon, which is seldom over 30 fathoms deep, in 
the opinion of Eschholz, arises from the decrease and even 
cessation of coral growth in the middle of the reef, where the 
refuse of molluscan shells and coral fragments accumulates 
and militates against the proper nourishment of the corals. 

Immediately following the results of the Kotzebue Expedi- 
tion, those of the Freycinet Expedition in the years 1 8 18-20 
became known. Quoy and Gaimard published their observa- 
tions on the mode of life of reef-corals in the Anna/es des 
Sciences natureUes in 1825. They never found living reef- 
corals in greater depths than 25-30 feet, and therefore con- 
cluded that these polyps could only exist in shallow and warm 
water, and preferentially in protected bays little affected by 
storms. Judgiifg also from the small thickness of the raised 
coral limestones at Timor, Ile-de-France, New Guinea, and 
the Sandwich Isles, they argued that coral reefs could never 
be very thick. In confirmation of fhis result they mentioned 
how frequently coral reefs occur in a direction continuing 
that of the mountain-chains on land, while the massive reefs 
are limited to submarine platforms sloping gently from the 
shore. 

Henrik Steffens in 1822 suggested that coral atolls formed 
on the summit of submarine volcanoes around the crater of 
eruption, which was afterwards occupied by the central lagojDn 
of the reef. The same hypothesis was advanced indepen- 
dently by Quoy and Gaimard, and during the Duperry Expedi- 
tion of 1828 was more closely investigated and accepted by 
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Lesson and Garnot The Biilglish ilavigator, Captain Beechey, 
took a number of soundings round the edges of coral reefs, 
and also arrived at the conviction that they were based upon 
submarine mountains, whose summits were never covered by 
more than 400-500 feet of water. ► • 

The considerable size of many atolls made it seem some- 
what Improbable that they had been erected ujpon isolated 
volcanoes, and this theory was opposed by Ainsworth in 1831. 
He thought that, in addition# to the coral polyps in shallow 
waters, there might be certain species whose habitat was at 
greater depths. In explanation of the higher edge on the 
windward side of an atoll, he called oceanic currents to his 
assistance, and thought they compelled the polyps to build 
vertically, whereas on the leeward side nothing prevented them 
from extending the reef in horizontal direction. Charles Lyell 
was favourably inclined to the theory of a volcanic basis, but 
also stated in the first edition of the Prmdpks that the 
inequality in the height of the atoll edges might be due to 
local variation of level, more particularly to local subsidences 
after earthquakes. 

Tke famous memoir by Ehrenberg, “On the Structure and 
Form of the Coral Growths in the Red Sea,” published in 1834 
in the Ahhandlungen of the Berlin Academy, represented the 
result of eighteen months’ study in the particular localities. 
The treatise begins with an exhaustive historical account of 
the previous literature on reef-building corals and reef-forms. 
Ehrenberg then describes the form of the reefs in the Red Sea 
as ribbon-like submarine banks extending parallel with the 
coast-line, based upon gentle beach-slopes, and having their 
water surfaces about ^-2 fathoms below the water-level at high 
tide. There are no exposed reef-surfaces in the Red Sea, and 
the outer side of the reef has a steep cliff edge descending 
rapidly into greater depths. The rock underlying the reefs is 
either a porous limestone or volcanic material; the coral lime- 
stone itself forms only a thin surface layer about ij fathoms thick 
upon the basal rock. Hence Ehrenberg regards the corals not 
as the builders of new islands, but only as the preservers of 
islands already existing. 

The German zoologist agrees with Quoy and Gaimard on 
one of the leading points of controversy, namely, the small 
thickness of coral structures, and confirms their conclusion 
that the polyps can only exist in warm water not more than six 
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fathoms in depth. He accepts also the theory of a volcanic 
basis as the best explanation of atolls. The accuracy and 
completeness of Ehrenberg’s researches in the Red Sea have 
been since confirmed by some of the best German authorities 
on coral life — H^ieckel, Klunzinger, Walther. 

The reefs of the Bermuda Islands were described by Nelson 
in 1837, and this author demonstrates reef-growth upon a rock- 
basis neicher volcaj^ic ..nor even firm and compact; in his 
conclusions regarding the origin of atolls he supports Ains- 
worth’s views. 

One of the most attractive books of the nineteenth century 
was undoubtedly Charles Darwin’s great work, 2 'he Structure 
and Distribution of Coral Reefs, published in 1842, Ehren- 
berg’s work had paved the way for broader conceptions about 
coral re^s; in it the barrier reef, which had in the older litera- 
ture been kept in the background by the more aggressive 
features of the atoll, for the first time received its meed of 
attention. The balance of scientific knowledge regarding the 
barrier and the atoll was now fairly equal, and Charles Lyell’s 
indication of possible modifications that might ensue in the 
reef-form under the influence of differential crust-movements 
also lay open in the recent literature when Darwin’s master- 
mind came to the formidable task of considering all the known 
data and constructing a scientific generalisation. 

Charles Darwin, while a member of the Beagle Expedition 
between 1832 and 1834, examined a large number of coral 
reefs, atolls, and volcanic islands in the Pacific Ocean, and 
described them with remarkable method and clearness. He 
classified cor^ structures in three groups, now universally 
accepted-r-atolls or lagoon reefs, barrier reefs, and fringing 
reefs. This special work contains a map of the geographical 
distribution of the coral reefs, and* enriches our knowledge by 
a wealth of new observations on the mode of life of the corals, 
as well as on the relative part taken by the various coral types 
in the construction of the reefs. 

Darwin confirmed the fact that reef-corals only live at small 
depths and in tropical areas, and proposed upon the basis of 
crust subsidence an ingenious theory of reef-growth which 
connected the three chief varieties of reefs by intermediate 
stages. Darwin’s theory assumes that every atoll reef* was 
originally the fringing reef of some island, but owing to, the 
subsidence of the ocean-floor, the fringing reef was gradually 
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converted into a barrier reef, and finally, by continued subsi- 
dence of the floor, passed ^into the form of an atoll. The 
essential feature is a certain reciprocity between the secular 
movement of subsidence and the vertical or horizontal growth 
of the reef. Darwin brings the movements^ of the area of 
subsidence in the Pacific Ocean into correlation with the 
volcanic phenomena so widely extended in that ocean. Where 
fringing reefs still occur, he supposes that ii'^tead orsubsidence, 
local elevation is taking place. The presence of barrier reefs 
and atolls, on the contrary, incficates a submergence of islands 
and a subsidence of the sea-floor. 

The distinguished American geologist and zoologist, Dana, 
had abundant opportunity during the Wilkes Expedition 
(1839-41) of investigating coral reefs, and he accepted Darwin’s 
theory on all the essential points. The apparent nat^iralness 
of Darwin’s theory recommended it to all, and in i860 it 
seemed to find striking confirmation from the geological side. 
In that year Ferdinand von Richthofen published his account 
of the geology of Predazzo, St Cassian, and adjacent localities 
in the South Tyrol Dolomites. He described the limited 
local occurrence of dolomite or dolomite limestone cliffs, in 
many places 2000-3000 feet thick, and the varying age of the 
sedimentary deposits at the base of the cliffs. These were 
sometimes the tufaceous Wengen strata, sometimes richly 
fossiliferous Cassian marls, sometimes the older dolomite rocks 
{Mendola Dolomite)^ sometimes volcanic lavas. Von Richt- 
hofen suggested that the variation in the age of the deposits at 
the base of the calcareous or dolomite cliffs, as well as the 
great inequality in the dimensions of the clfffs, might be 
explained in the sense of Darwin’s theory on the supposition 
that the cliffs represented coral reefs whose growth had in- 
creased during a prolonged^epoch of subsidence of the sea- 
floor, and had spread over deposits of different ages at the 
base. Mojsisovics, in conjunction with other members of the 
Austrian Survey, afterwards examined the area in greater 
detail, and in 1879 published his work, The Dolomiie Reefs of 
South Tyrol ^ in which he confirmed Richthofen’s suggestion 
that the cliffs were fossil coral reefs, but declared the growth of 
the reefs to have been contemporaneous with the sedimentation 
of tlfe earthy and volcanic rocks in the neighbourhood. 

Giimbel, however, proved the frequent occurrence of species 
ofgyroporella, or sea-algse, in the dolomite rocks of South Tyrol, 
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and for this and other reasons he regarded them as in the 
main algal accumulations. Lepsfus also thought there were 
no sufficient stratigraphical grounds for regarding the dolomite 
rocks of South Tyrol as other than a marine deposit. But the 
coral-reef theory of origin had very numerous adherents, and 
became a popular explanation for isolated limestone occur- 
rences; for example, Oswald Heer wrote of fossil atolls and 
barrier reefs'in the S;^viss Jura mountains, and Dupont described 
fossil atolls in Belgium preserved in Devonian rocks. 

Recent researches in the Dolomites represent the occur- 
rence of coral reefs only in insignificant thicknesses seldom 
exceeding 150 feet, sometimes intercalated in the marly volcanic 
rocks, and sometimes in the calcareo-dolomitic rocks. 

Several zoologists contested Darwin^s theory — Wilkes in 
1849, Iloss ^he German geologist Semper in 1863, 

upon the evidence of his exploration of the Pelew or Palaos 
Islands. He found there all the varieties of reef-growth in 
immediate proximity to one another, and older coral rocks 
were present upon the dry land. Hence an explanation based 
upon subsidence seemed inapplicable. Semper formed the 
opinion that the tidal conditions, the breakers, and ocean- 
currents were the chief influences which determine'S the 
particular mode of growth of a coral reef. 

Similarly, Louis Agassiz (1851) and a number of American 
geologists had studied the coral formations of Florida and 
Tortuga, and could find no evidence of subsidence of the sea 
bottom on which the reefs were growing. These reefs have 
now undergone thorough investigation by Professor Alexander 
Agassiz, the s( 5 n of the famous glacialist and geologist, and the 
conclusion arrived at by him is that the reefs are growing upon 
a submarine plateau formed by the accumulation of mud, 
sand, and organic remains. The •prevailing winds and marine 
currents constantly bring new material towards the plateau, and 
as the latter continues to increase the corals are enabled to 
keep within reach of fresh food-supplies. The whole thickness 
of the Florida reefs, including both the coral limestone and the 
submarine shelf of deposit, was determined by borings to 
be about 50 feet. Agassiz is of opinion that the reefs of 
Cuba, Bermuda, and Bahama, and also the Great Barrier Reef 
of North Australia, may be explained in the same way a 5 the 
Florida reefs. ; 

Rein published in 1870 the result of observations made on 
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the Bermuda reefs. He found only evidences of elevation, 
and came to the conclusion that coral reefs could be formed 
wherever the fundamental conditions for the existence of the 
polyps were satisfied, and a firm basis of support was present; 
and it was quite indifferent whether the basis \ps a submerged 
coast, a submarine plateau of elevation, or a submarine volcano. 
Sir John Murray arrived at similar conclusions {Proc, Roy, Soc. 
Rdifi., 1880). He does not accept the Jiypothesis that the 
atolls and barrier reefs of the Pacific Ocean are built upon 
a submerged continent, but believes the coral polyps settle 
upon isolated volcanoes which still are partly above the water, 
but have been- in some parts abraded to the limit of the 
mechanical activity of the waves; and he correlates the different 
forms of the reefs with conditions of nourishment and processes 
of erosion and corrosion. Murray’s explanation of* lagoon 
reefs is that on the windward side the existence of the coral 
colonies is more prosperous, and the reef grows more quickly 
than on the leeward side, whose position is less advantageous 
for the constant renewal of food supplies. The polyps on that 
'side die, and the reef passes through processes of decay; the 
excavation of the saucer-shaped lagoon is due to the corrosion 
of the reef limestone by sea- water strongly impregnated with 
carbonic acid, and also to the erosive activity of the high tides. 

Another important point in which Murray differs from the 
results attained by Darwin and Dana is the thickness of coral 
reefs. Pie shows from numerous soundings taken along the 
outer edge of atolls and barriers, that the reef-wall is precipitous 
only to a depth of about 200 feet; below that there is a talus 
slope occupied by broken blocks of coral limestbne to depths 
of about 1000 feet; and fragments of volcanic material begin 
to occur at still greater depths. 

In the Salomon Isles Guppy found older coral reefs that 
had been elevated to heights of more than 900 feet, but the 
reefs were not more than 130 feet thick. 

In general, it may be said that most scientific authorities on 
coral reefs at the present day no longer accept Darwin’s theory 
of widespread subsidence as applicable to the American and 
Australian reefs, or to those of the Red Sea. On the other 
hand, subsidence seems to be the most satisfactory explanation 
of many atolls in the Pacific Ocean. Clearly the critical test 
for subsidence is the thickness of a reef. The borings under- 
taken at the Ellice Isles, under the guidance of Professor Sollas 
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in 1896, had unfortunately to be gi^en up on account of disasters 
to the instruments. The expedition sent out from Sydney 
University to the Funafuti Atoll under Professor Davis in 1897 
was more successful, and the preliminary reports state that the 
borer passed through 643 feet of reef limestone without reaching 
the fundamental rock. But until the bore samples have been 
examined microscopically no opinion can be formed regarding 
the true nature of tke limestone. Professor Agassiz visited the 
Fiji group in 1897, and observe^ massive coral reefs more than 
600 feet thick in several of the islands. As these reefs had been 
elevated, Agassiz points out that the Pacific Ocean in the 
vicinity of the Fiji Isles cannot be at present undergoing the 
movement of subsidence assumed by Darwin and Dana, but 
rather a movement of elevation, although these massive coral 
reefs m*ist have been formed during some foregoing period of 
subsidence. 

Some of the’ most remarkable products of organic activity 
are the hydrocarbon compounds which, in the form of asphalt, 
naphtha, petroleum, impregnate sedimentary rocks belonging 
to different geological ages. Fluid petroleum is usually 
accompanied by greater or less quantities of infiammable%gases, 
while these may be absent in the rocks impregnated with 
asphalt or other solid bitumen. Petroleum and naphtha 
occur exclusively in deposits from salt-water, and very 
commonly in loose sandy strata or in porous dolomitic and 
calcareous rocks where these repose upon, and are succeeded 
by, impervious shales. 

In Pennsylvania, Ohio, and Indiana, certain horizons of 
the Silurian *and Devonian formations contain enormous 
quantities of petroleum and inflammable gases ; the naphtha and 
petroleum wells at Baku on the Caspian Sea, and at Grosny on 
the north side of the Caucasus, Sre apparently inexhaustible ; 
and in Further India the so-called Rangoon oil has been, 
found in quantity. The Caspian, Caucasian, Roumanian 
and Galician petroleum occurs in sandy strata of Oligocene 
age; both here and in Pennsylvania the oil is always in 
greatest abundance at the crests of crust anticlines. 

During the last forty years geologists have rapidly advanced 
our knowledge of the occurrences of these natural oils, l^ut it 
has been less easy to explain the process of their manufacture 
in nature over extensive areas. Berthelot, the chemist, 
suggested (1866) that they were produced when water with 
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carbonic acid m solution ^ame in contact with the alkali 
metals. MendelejefF likewise believes in the action of 
subterranean water upon certain iron ores and metallic carbides 
at high temperatures. But these theories have not been 
accepted by geologists, as they are not in harmony with the 
occurrences of the oil. All other hypotheses consider the 
decay* of organic substance essential to the production of 
the series of mineral oils. Bischof in hb Chemical Geology 
derives asphalt and petroleiim from the slow decay of 
vegetable matter, an explanation which he bases upon the 
frequent occurrence of marsh-gas in peat-mosses. Quenstedt 
thinks the impregnating oil in the Swabian shales has been 
originated by the decomposition of fishes and other animal 
organisms interred in the shales. A similar explanation is 
given by Sterry Hunt for the petroleum oils in North America. 
While Quenstedt and Hunt regard the oil as produced in situ 
in the strata containing the decaying organisms, many 
geologists hold the opinion that the hydro-carbonaceous 
products of decay collect in the stratigraphical horizons above 
those which actually contain the decaying material. 

Enfler tried experimentally to distil fish-train oils ; under a 
pressure of 20 to 25 atmospheres, and at a temperature of 
365“ to 420^ a distillate is procured which approaches the 
characters of the natural Pennsylvanian petroleum, and, as 
Heusler has shown, after treatment with aluminium chloride, 
is identical with it. 

Ochsenius argues that the mineral oils have been prepared pre- 
eminently in shallow estuaries where animal remains and algae 
have undergone decomposition in salt-water cdiitaining a rich 
supply of chlorides, more particularly magnesium chloride. 

It has been observed by Andrussow, Natterer, and Barrois, 
that petroleum in minute quantity bubbles up to the surface of 
the water and mud in the Kara Boghaz on the shores of the 
Caspian Sea, in Bitter Lakes of the Isthmus of Suez, and 
in the desiccating saline basins of Brittany, all of these being 
localities where considerable accumulations of animal remains 
and plant detritus collect. 

Eh Volcanoes . — The controversy between Neptunists and 
Volcanists, which had still continued keenly in Germany 
during the early years of the nineteenth century, relaxed 
after the desertion of Alexander von Humboldt and Leopold 
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von Buch from tfie ^r.anks of extijpme Wernerians. Nowhere 
was the re-action in favour of accurate investigation of vol- 
canoes keener than in Germany, where Werner’s remarkable 
influence had so long retarded progress in this important 
branch of teaching. Von- Humboldt’s works (p. 66) gave 
the first broad conceptions of the arrangement and distribution 
of volcanoeg on the earth’s’ surface. From the characferistic 
arrangement of voldanoes either as groups or in long series, 
from their occurrence in all partg of the globe, and from their 
frequent association with earthquakes, Humboldt concluded 
that the cause* of volcanic phenomena could not be local, 
but must bear some relation to the constitution of the earth’s 
interior. The serial arrangement of volcanoes led him to 
believe * that the volcanic vents were disposed upon crust- 
fractures* which extended to very great depths. 

Leopold von Buch’s visit to Auvergne in 1802 convinced 
this geologist that the volcanic phenomena of that neigh- 
bourhood could only have been produced by some general 
cause associated with the earth’s internal heat. It was on 
this occasion also that Leopold von Buch formed his first 
crude conception of the theory which, under the nagie of 
‘‘ Elevation-Crater ” theory, was destined to become notorious 
in geological controversy of the nineteenth century. At this 
time, however, Buch merely mentioned a central elevation of 
the Mont d’Or range caused by subterranean forces. 

Von Buch’s treatise, On the Geognostic Relations of the Trap 
Porphyry (1813), contains a careful account of the occurrence 
and mineral constitution of rocks belonging to the trachyte 
series. The central elevation, which he had assumed for the 
Mont d’Or and Cantal area, is in this work applied to other 
volcanic regions, for example to the Santorin Island, to the 
trachyte mountains of Hungary, f?iad to the South American 
Cordilleras, and a distinction is drawn between true volcanoes 
and mountain-systems representing dome-like crust elevations 
pushed up by subterranean forces. 

Accompanied by the Norwegian botanist, Christian Smith, 
in the summer and autumn of 1815, Von Buch explored the 
Canary Islands, the Palma Islands, and on the return voyage 
visited the Lancerot© Island. The result of this journey was 
published independently by Buch, as Christian Smith dieS in 
the following year on the Congo river, where he had gone with 
Tuckey’s Expedition. Von Buch’s descriptive monograph of 
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the Canary Islands is full information for the geographer, 
meteorologist, botanist, and geologist The chapter on the 
geological relations is a model of skilful and methodical 
exposition. The form, the structure, the composition and 
origin of the different islands, the constitution of the rocks 
and volcanic ejecta, are depicted in a manner at once 
attractive and scientific, and the context is illustrated by 
topographical maps of Teneriffe, Palma, and Lancerote, 
prepared exclusively from sj^irveys and drawings made by 
Von Buch. At the Peak of Teneriffe and in the wonderful 
basin-shaped depressions (‘^Calderen”) in Palma and Canaria, 
Von Buch found new evidences of volcanic elevations. And 
from this time forward the “ Elevation Crater ’’ became one of 
his pet theories. 

The first public enunciation of the theory was giveii by Von 
Buch on the 28th May, 1819, in the Berlin Academy. He 
defined true volcanoes as solitary, conical mountains almost 
always composed of trap-porphyry (trachyte), and from which 
fire, vapour, and stone are emitted. They are surrounded by 
molten rock or ashy material which flows downward in the 
form^^f streams. Typical volcanoes are distinguished by Von 
Buch’s theory from, larger basaltic masses which after emission 
have been uplifted around the areas of volcanicity. These vol- 
canic uplifts were said to be characterised by the absence of 
lava streams or of accumulations of rapilli round a central 
area, and likewise by the predominance of basaltic over 
trachytic rocks. The basaltic masses are inclined similarly to 
sedimentary strata in any upheaved area ascending from every 
side towards a great central cauldron^ or craftr of elevation. 
This crater might be afterwards closed by the collapse of the 
upheaved rocks, and might be opened intermittently by fresh 
volcanic ebullitions from bdlow. 

Von Buch then argued that the force required to create 
such a crust-disturbance must be enormous, and must repre- 
sent the prolonged accumulation of a store of energy in the 
earth’s interior. The expansive force of the heated lava first 
bulging the rocks upward like a blister or dome, might go on 
: : ' increasing until it rent them asunder and provided an outlet 
^. fqf.the ascending vapours. No true volcano formed unless, 
5 ; . as frequently happened, a central cone of ejected material 
; ' ' gathered within the crater of elevation. 

, crater of elevation might, 
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Von Buch allowed, have flowed »ito their present position, 
but not superficially like the lava streams of an active volcano, 
only below the surface and under great pressure. The more 
important points in Von Biich^s chain of evidence were the 
occurrence of coftrse-grained crystalline rocks in the bottom 
of the Palma cauldron, the general arrangement of the strata 
sloping away«from the central crater and penetrated by numer- 
ous dykes, and the' presence of deep ravines (Barrancos), 
which he regarded as eruptive Assures on the outer side of 
the crater of elevation. Von Buch thought craters of elevation 
were very numerously distributed ; some of them originally 
embracing a central volcanic cone, for example, the island of 
Bourbon; others, such as those of Auvergne, the Siebenge- 
birge near Bonn, the Lipari Isles, Etna and the American 
Cordillera, being trachytic dome-shaped mountains situated 
above the fissures of elevation, and either remaining intact at 
their summit or providing themselves with orifices of ejection. 

Von Buch sub-divided all the volcanoes on the earth's sur- 
face into two classes — central and serial The former, accord- 
ing to Von Buch, are located centrally with reference to a 
large number of outbreaks radiating in all directions the 
latter mark the position of long crust-fissures, and either form 
the highest ridge of a terrestrial mountain-system, or if the 
volcanic fissure be submarine, the highest summits emerge as 
islands above the ocean. 

While Von Buch in his theory tacitly accepted Hutton's 
principle, that the upheaval of the solid rocks was due to the 
expansive force^of subterranean heat, he re-cast this doctrine 
into the particular form required to explain his own con- 
ceptions of volcanicity. He formed the erroneous idea that 
the inclination of the basalts* aroi^id a volcanic vent could 
only be due directly or indirectly to crust-elevation, and this 
view shipwrecked a theory which otherwise embodied some 
valuable generalisations. Adapting his theory to the termin- 
ology of the present day, Von Buch's conception of a Central 
elevation-crater ” represented a local exhibition of crust-expan- 
sion accompanied by a local inrush of molten and gaseous 
material towards a centre of crust-weakness, and the escape of 
the same at a central venit ; Von Buch's “ Serial, elevation- 
craters" represented the results of a regional exhibition of 
the expansive forces due to internal heat, and regional admis- 
sion of molten rock and gaseous vapours into zones and areas 
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of weakness. His description of basaltic inflows into sub- 
terranean cavities formed by crust-expansion and elevation 
anticipated later conceptions of laccolitic occurrences of 
volcanic material. 

Before Von Buch had completed his work on the Canary 
Islands for publication, the Englishman, Dr. Daubeny (1819), 
published a tabulated summary of active volcanoes, together 
with an enumeration of all volcanic and eafthquake phenomena 
reported within historic time^'. In 1824 the second volume 
of Carl von Hoff’s work appeared, and it embraced an ex- 
haustive account of surface changes associateci with volcanic 
outbreaks and earthquake shocks. Von Hoff followed the 
opinions of bis compatriots, Humboldt and Buch, on all ques- 
tions regarding the origin and destruction of volcanoes, 

A series of careful researches was carried out in th^volcanic 
areas of the Rhine Province by Johann Steininger, a teacher in 
the Treves public school. Steininger established the differ- 
ence between the volcanic rocks of the Eifel district and the 
trap-porphyry rocks (melaphyre, porphyrite, palatinite) of the 
district of Oldenburg and the Palatinate. Both were regarded by 
Steimnger as submarine in origin, but he referred the eruptions 
to quite different geological ages. He pointed out that a 
characteristic feature of the Eifel volcanoes was the frequent 
occurrence of lava and volcanic slag and ash without any sign 
of an orifice or eruption. The volcanoes of the Lower Rhine 
district, especially the Siebengebirge, near Bonn, were explained 
as upraised conical mountains in which the volcanic material 
seldom escaped at the surface. In his Coniribuiwns to the 
History of the Rhineland Volcanoes^ published in 1821, 
Steininger proved that, a certain number of the volcanoes, 
chiefly those on the right J)ank of the Rhine, had originated 
contemporaneously with the formation of the brown-coal 
deposits (Tertiary), and were therefore older than the pebble 
and clay deposits with fossil mammalian bones (mammoth, 
rhinoceros) ; but, he added, the products of the youngest 
volcanoes on the left bank of the Rhine seemed to be dis- 
tributed above these pebble-beds, and might accordingly 
belong to historic times. The idea of the quite recent occur- 
reiiCe of those volcanoes originated from a mistaken reading 
of a reference made to the volcanoes of this area by Tacitus. 

In his earlier writings Steininger was under the influ- 
ence of Von Buch’s . theory of elevation-craters, but his close 
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acquaintance with the mode of« occurrence of the volcanic 
rocks in Rhineland enabled him gradually to form -bis own 
judgments, and these were unfavourable to Von BuclVs 
theory. A visit to Auvergne, Mont d’Or, and tlie Cantal moun- 
tains still further shook his confidence in it. He examined 
the basaltic rocks above the Tertiary fresh-water limestone 
of Limagn^ and felt convinced that these could not have 
been bulged up as' solid rock from the ocean-floor, but must 
have flowed into their present position superflcially as a lava. 
Again, he could see no evidence in favour of Von Buch's 
hypothesis that the ravines of the Cantal represent eruptive 
fissures formed during upheaval, but rather believed them 
to be ordinary erosion valleys. Steininger, however, con- 
tinued to retain Von Buck’s theory of volcanic upheaval as 
applicaMe to the particular cases of isolated conical hills 
composed of domite or trachyte rock 

The strongest opponents of Von Buck’s theory were, however, 
Poulett-Scrope,^ Charles Lyell, and Constant Prevost. 

In 1816-17, Poulett-Scrope, as a young student, had the 
opportunity of observing the volcanic surroundings of Naples, 
and this gave the impulse to his scientific studies? He 
returned in 1818, 1819, and 1822 to Southern Italy, and 
visited Vesuvius, Etna, the Lipari Isles, the neighbourhood 
of Rome, and the Euganian Isles. In 1821 he spent several 
months in the Auvergne district, and in 1823 he made him- 
self acquainted with the Rhineland and Eifel volcanoes 
described by Steininger. 

In 1825 he, published his famous work on Volcanoes, and 
in 1826 his excellent monograph of the extinct volcanoes in 
Central France. Poulett-Scrope’s works have held their 
position as the basis of volcanic Reaching. Like Hutton and 
his own contemporary, Charles Lyell, he was a Uniformitarian, 
and tried to explain the events of past geological ages by the 
action of forces which exist. 

Observing the enormous expansive force of the aqueous 

1 George Poulett-Scrope was born in 1797 in London, the son of a rich 
mercliant, J. Poulett Thomson ; he studied in Cambridge under Professor 
Sedgwick, and assumed the name of Scrope after his marriage with the 
heiress of the old Scrope family. He became a Member of Parliam^it in 
1833, and afterwards devoted himself mainly to political activity, but did 
not neglect his studies on volcanoes. In 1867 the Geological Society 
conferred the Wollaston medal on him. He died at Fairlawn, Surrey, in 
January 1875. 
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vapour and gases which estaped from a lava stream at the 
surface, Scrope formed the opinion that eruptive phenomena 
might be traced to the mobility of the lava. According to his 
observations, lava, as it issues from a volcanic vent, very 
seldom has the appearance with which we are familiar in a hot 
mass of iron or glass, but is usually in a viscid, seething 
condition, impregnated with elastic vapours, and enclosing 
many crystallites which move freely in the surrounding fluid 
in virtue of the passage of the vapours through it. As the 
vapours explode and escape, the motion of the mineral 
constituents is impeded and the lava solfdifies* Scrope 
applied this theory to subterranean lava. He supposes a fused 
rock-mass saturated with water, under pressure of super- 
incumbent solid rock ; then the pressure being the same and 
the temperature raised, or the temperature being the s^tme and 
the pressure relaxed, the water will pass into the condition of 
vapour, and a certain amount of heat be made latent The 
crystalline constituents of this subterranean magma are 
separated by the elastic vapour, the lava swells and passes into 
a fluid condition. The degree of liquidity in the whole mass 
was tlvought by Mr. Scrope to depend chiefly on the weight of 
the mineral constituents and the fineness of the crystals. If 
the subterranean lava be horizontally extended, the compressed 
vapours, in trying to escape, press the lava against the upper 
strata, cause earthquakes, and finally fissures into which the 
seething lava flows. If the fissures widen towards the interior 
of the earth, the rising lava forms dykes, and as these narrow 
towards the earth’s surface, they strengthen the* crust; but if, 
on the other hand, the fissures are wider in the upper horizons 
of the crust than in the low^er, they remain partially open, and 
form relatively weak parts iiq. the earth’s crust, readily liable to 
renewed eruptions. 

Scrope endeavoured to explain all the phenomena associated 
with volcanic eruptions upon the basis of the above theory. 
In favour of it, he noted the periodicity in eruptive activity; 
how after each eruption, when presumably the fissures have 
been blocked with rock-material, a period of rest ensues, but 
when the vapours have once more accumulated in the deep 
volcanic magma, the old vent again bursts open or a new 
orifice forms. In the case of land volcanoes, the ejected 
products of successive outbursts surround these orifices with 
the characteristic circular or elliptical form. The particular 
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form of the volcano is deternTmed by several causes, for 
example, the inequalify of the ground, violent winds during 
eruption, or any obstacles within the vent which may impede 
the ascent of the lava, or direct it into another course. 
Stratification is apparent in the structure of the cone of 
ejection ; it is especially clear when there is an alternation of 
lava and tolcanic^ ash. The inclination of the layers of 
volcanic rock is always from the edge of the crater to the base 
of the cone. The liquidity *of the lava depends on its 
composition, texture, and temperature, and according to these 
and to the superficial relations, the solidified lava assumes the 
form of horizontal sheets, thick masses, or dome-shaped cones. 
During the cooling of the lava the escape of the vapours gives 
origin to the slaggy, vesicular structure of the lava p the 
liberation of the gases from the lava produces all kinds of 
minerals, and may take place either in association with 
escaping vapours as ‘Tumaroles,^’ or independently as gaseous 
emanations or ‘‘ solfataras ” ; sometimes the gases collect from 
hot springs, of they vanish as exhalations. Pillar-shaped, 
rounded, cubical, rhomboidal, flaggy or shaly structure 
develops in consequence of the contraction of the lava 
during the processes of cooling. 

As one and the same volcano may emit basaltic and trachytic 
lavas, Scrope thought it probable that all volcanic products 
come from the same subterranean magma, and that their 
specific difference is due to some condition connected with 
the access of heat and the subsequent chemical processes 
during their ^cent. Poulett-Scrope opposed the conception 
of Humboldt and Buch, that trachyte and basalt rocks are of 
different ages. The larger volcanic mountains, he said, clearly ^ 
owe their origin and form to repeated eruptions ; the original 
cones of ejection are rent by later outbreaks, and the repeated 
outpourings and injections of lava still help to strengthen 
the mountain. In the summit crater, for the most part only 
vapours escape, together with the blocks and fragments which 
are carried up by the explosions. Very wide and deep craters 
form during the violent paroxysms of a volcano ; by means of 
the subsequent eruptions new^ cones of ejection may arise 
within this deep crater, and be surrounded by the cir(?ular 
wall of the old crater ; or the wall of the old crater may be 
disturbed and partially destroyed by a new crater (Somma). 

Scrope strongly contested the existence of craters of elevation, 


262 HISTORY OF GEOLOGY AND PALiEONTOLOGY. 

and be ascribed the domal form of the trachyte mountains not 
to the swelling up of homogeneous masses, but to successive 
outbreaks of viscid lava streams. Neither did he draw any 
fundamental distinction between volcanic eruptions on land 
and those on the ocean-floor. Cones of eriiptea material form 
in the" case of -submarine as well as continental volcanoes, 
but owing to the' distribution of the material by water, the 
layers of volcanic rock are less highly inclined and generally 
of tufaceous character. Some submarine volcanoes have their 
cones of ejection built up by repeated additk>ns until they 
rise above the surface ; others (e.g.^ tie de France, Teneriffe, 
Palma, the Coral Islands in the Pacific Ocean) may, in Scrope^s 
opinion, have been arched to their present position by the 
subterranean forces of heat. The difference between the 
‘‘craters of elevation’’ of Von Buch and the uplifted islands 
of Scrope is that the former are supposed to have received 
their characteristic form and their crater, independently of any 
accompanying phenomena of eruption, merely by the upward 
swelling and fracture of the crust, whereas Scrope thinks the 
elevat^^d submarine islands of volcanic rock are in Ml cases 
originally cones of erupted rock -material accumulated super- 
ficially round an orifice, and afterwards upraised as a whole. 

Von Buck’s “Serial Volcanoes” are explained similarly by 
Scrope as volcanic cones which participated in a crust-uplift. 
All volcanoes, according to him, occur upon crust-fissures ; 
some eruptive vents are permanently closed, and others 
continue to remain in communication with the earth’s 
interior, and are the scene of periodic eruptions. These 
open vents, by affording a ready passage for subterranean 
lava, vapours, and gases, serve to protect the neighbourhood 
from earthquakes. Scrop^ attached little tectonic import- 
ance to the elevations at volcanic fissures, regarding them as 
quite local in effect, and having no immediate connection with 
the regional crust-movements which elevate continents and 
mountain-systems. 

The above are the leading doctrines of volcanicity taught 
by Scrope, and they may be said to have laid the first secure 
foundation of present conceptions of eruptive phenomena. 
The chief merit of Scrope’s work consists in the convincing 
demonstration it gives of the origin and composition of vol- 
canoes, in the disproof of the Elevation-Crater theory, and in 
the description of a superheated subterranean magma saturated 
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with water-substance, and broughi* to the surface in virtue of 
the expansive force of escaping vapours and gases. 

Sir Charles Lyell held views very similar to those of 
Poulett-Scrope. His observations in the Auvergne, and at 
Vesuvius and Etna, had convinced him of the mistaken 
principles in the Elevation-Crater theory. He made the 
pertinent objection that one of the “craters of elevation” 
mentioned by Von' Buch was entirely composed of marine 
or littoral sediments; and he explained the enormous 
“cauldrons” of Palma, Gran Canaria, Bourbon, etc., as 
craters due to volcanic explosion ; and the circular walls of the 
Somma, the Peak of Teneriffe, Etna, etc., as the remainder 
of old crater walls. In common with Poulett-Scrope, Lyell 
ascribed the conical form of most volcanoes to the accumu- 
lation oT volcanic products round a vent, and he accepted 
Scrope’s view that volcanic eruptions were originated by the 
explosive disengagement of the compressed vapours and gases 
from subterranean magma. His wider geological experience, 
however, led him to the further conclusion that the water- 
substanoe dissolved in the magma had been introduced into 
it by percolation downward from the surface, and thft the 
characteristic occurrence of serial volcanoes on the sea-board 
betokened direct influence of the sea-water upon the sub- 
terranean magma. 

Dr. Charles Daubeny’s Description of Active and Extinct 
Volcanoes f etc. (1826), although less full of original matter 
than the works of Scrope and Lyell on kindred subjects, 
was distinguished by greater chemical and mineralogical 
knowledge. Plis treatment of European volcanoes is based 
for the most part on his own field investigations of the various 
localities, and careful laboratory r^earch of the volcanic rocks. 
Daubeny was favourably inclined to Buck’s “ Elevation-Crater ” 
theory, and thought that Scrope attached too great importance 
to the expansion of vapours, and. too little importance to 
chemical processes in his explanation of volcanic eruption. 

Valuable results of a special study of the Lipari Islands 
were made known in 1S32-33 by Friedrich Ploffmann, but the 
complete researches of this gifted writer were first published by 
Von Dechen after Hoffmann’s death, in Karsten’s Archiv fur 
Mmeralogie, 1839. Hoffmann contended that there was no 
essential difference in point of structure between the craters 
attributed by Von Buch to crust-elevation and fissure, and the 
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craters regarded by him <Bimply as eruptive orifices. The 
alleged differences resolved themselves into a question of 
comparative dimensions, and these could be explained by the 
varying intensity of the explosive convulsions. 

The French Government had sent Coni^aiit Provost, in 
August 1831, to Pantellaria, in order to study the newly- 
formed Graham’s Island, or ile Julia, as 4 he French 
Expedition called it. The island vanished in three months, 
and Provost was one of ther few favoured individuals who 
had succeeded in visiting and making drawings of it. 
After fulfilling this commission, he travelled*^ through Sicily, 
climbed Etna, made a stay in the Lipari Islands, and 
finally met Hoffmann and Escher von der Linth in Naples. 
Excursions made in the company of these geologists to 
Vesuvius and the Phlegraean fields brought Trevost’s 
memorable tour to a conclusion. Several accounts of his 
journeys were sent by Prdvost to the Academy of Sciences and 
the Geological Society of IParis. 

Meanlime, in Paris, Elie de Beaumont (1829-30) had 
discussed the Elevation-Crater theory in various publications, 
and tiad given it strong support ; and when Prevost in his 
first report on the Island of Julia to the Academy ventured to 
doubt the theory, and in September 1832, in a second report, 
went so far as to openly deny the existence of elevation- 
craters in any volcanic district visited by him, he aroused the 
displeasure of all the leading members of the Academy. Only 
the venerable Cordier, who had seen the Canary Isles, 
expressed agreement with him. In the DecemJ^er of that year 
Prevost won a valuable ally in Virlet, who proved that the 
Santorin group, which had hitherto been included amongst 
elevation-craters, consisted ;>vholly of ejected material. 

In the following years controversy became as keen in the 
discussion of Buch’s theory as it had been in Werner’s time 
over the discussion of the volcanic or aqueous origin of basalt. 
Annoyed by the attacks on his favourite theory, Buch 
undertook, in the autumn of 1834, another journey to Italy 
along with Link, Elie de Beaumont, and Dufrenoy. New 
evidences were collected, and his views were afterwards 
pronounced even more firmly. ‘‘Craters of Elevation are,” he 
wrote, “ remnants of a powerful manifestation of energy from 
the earth’s interior, which is capable of uplifting large islands 
many square miles in breadth to a considerable elevation. 
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No phenomena of eruption proceed from them ; no volcanic 
event connects them with the earth's interior; and only 
seldom is there any evidence of continued volcanic activity 
within such craters, or in their neighbourhood." 

The chief argument insisted upon by Euch ^vas the high 
inclination of the lava flows, which he thought proved that they 
had been uplifted after their emission. He never accepted 
Scrope’s explanation'that the streams of red-liot magma could 
solidify in this position. Elie Beaumont examined Etna, 
and, after accurate measurements of the angle of inclination, 
likewise refuted* the possibility of solidification in situ. He 
allowed rather more significance than Von Buch to the 
accumulation of ejected scoriae and debris^ but held upheaval 
for the most important factor in the formation of a volcanic 
cone. Wilhelm Abich and Sainte-Claire Deville were amongst 
the more able supporters of the Elevation -Crater theory; 
Abich in his illustrative work on Vesuvius and Etna (1836), and 
Deville in his description of the Eruption of Vesuvius in 1855. 

Von Buch’s « theory was now thought to have been 
successfully defended, and was accepted in the standard text- 
books, in the monographs of Daubeny and Landgreb^ and 
above all in the Cosmos of Humboldt. But the three chief 
antagonists of the theory, Constant Prevost, Lyell, and Poulett- 
Scrope, continued to publish their own views, and in two 
masterly polemical papers in the Quarterly Journal of the 
Geological Society of London (1856 and 1859), Scrope was able 
to endorse the opinions he had formed thirty years earlier, 
and to demonstrate the origin of volcanic cones from ejected 
material in a manner absolutely convincing. 

During the following decade, corroborative evidence in 
the same direction rapidly gathered in geological literature. 
Dr. George Hartung, who had been with Sir Charles Lyell in 
the Canary Islands, and had also made a number of 
observations in Madeira and the Azores Islands, openly 
disputed Von Buch’s views in Germany, and said that the 
present shape of the large ‘‘cauldrons” in Palma and Gran 
Canaria had been produced by erosion. Dana’s investigations 
in the Sandwich Isles and Junghuhn’s excellent descriptions ? 
of the volcanoes in Java added further records of volcanic ' 
cones built up by ejected material; and Fouque in 1866 
arrived at the conclusion that in the case of the Santorin 
Islands Buch’s theory could not he applied. Thus the 
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hypothesis of Elevation-Craters had to be given up, and with it 
the classification of volcanoes into ‘‘True’’ or “Eruptive 
Volcanoes” and “Craters of Elevation” which had been so 
long associated with the names of Buch and Humboldt. 

Karl von Seebach then proposed a new classification; he 
distinguished as Stratified Volcanoes those which have a crater 
and are composed of layers of lava and loose voloanic ash and 
scorise ; as Homogeneous Volcanoes those which have no crater 
and no loose ejected material but have originated as massive 
effusions and have the form either of volcanic domes or 
horizontal sheets. The homogeneous volcahoes have been 
formed by viscous lavas, the stratified volcanoes by more 
liquid lavas strongly impregnated with vapour and gases. 
This sub-division into stratified and homogeneous volcanoes 
was adopted in most of the text-books, and was afterwards 
more firmly established by Sir Archibald Geikie and Dr. Reyer, 

It is beyond the scope of this volume to enter into the 
extensive descriptive literature which is occupied chiefly with 
the configuration, composition, geographical distribution, erup- 
tive phenomena, and history of the volcanoes. Humboldt 
published an epitome of all known volcanoes, and the works 
of Hoff, Daubeny, Scrope, and others supplemented the 
earlier lists. 

Vesuvius is the best known volcano in the world, and 
during the prolonged controversy about elevation-craters 
was made more than ever the subject of close attention. 
Monticelli for thirty years, from 1815 to 1845, took observa- 
tions on Vesuvius and its discharges; from ^1855 to 1892 
Palmieri published regular reports of the observations made 
in the Observatory of this mountain. Angelo Scacchi and 
Gerhard vom Rath examined the minerals of Vesuvius ; the 
lavas were described by Justus Roth, the author of a 
monograph of Mount Vesuvius (1857), and by C. W. C. Fuchs. 
The last-named author also mapped and described the Island 
of Ischia (1872). Within recent years Vesuvius has been con- 
stantly under observation by Johnston Lavis and Matteucci. 

The name of Baron Sartorius von Waltershausen is indelibly 
associated with Etna. His geological map (scale, i : 50,000) 
of this volcano appeared in 1861, and his descriptive text was 
published posthumously in 1880 by I.asaulx. The scrupulous 
accuracy and exhaustive details of both map and text amply 
entitle them to their rank as the fundamental work on Etna. 
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Von Waltershausen brings forward 'Evidence to show that the 
first volcanic outbreak on Etna took place during the Diluvial 
period, while that area formed part of the Continent; whereas 
Pilla, writing in 1845, referred the first Etna eruption to the 
Pliocene age, or* possibly to a still more remote period. 
According to Von Waltershausen, the volcanic eruptions are 
concentrated ^along |i fissure extending in Jf^.N.W.-S.S.E. 
direction ; and the famous Val del Bove is thought by him to 
have originated as a crust-inthrow, and is compared with the 
crust-basins of Sc^mma and Santorin. 

The Lipari Islands have called forth a rich literature. 
Special interest has been accorded to a ringed series of 
islands and reef-rocks surrounding Strom boli on the south. 
Hoffmann in 1832 suggested that these probably represented 
the fragments of a former enormous crater. Professor Judd 
in 1875 confirmed this view, and also agreed with Hoffmann’s 
conclusion that the vents of the volcanic discharges in the 
Lipari Isles virtually occur along the course of three radial 
fissures. Professor Suess expressed a similar opinion that the 
^olian Isles mark a saucer-shaped depression in which radial 
faults intersect. 

The Santorin Isles form the subject of a splendidly 
illustrated monograph by Fouque. Since its publication in 
1878, a number of geologists have contributed special papers 
on the surface conformation, the geological structure, the 
origin and history of these volcanic islands. All newer 
publications agree that the theory of the Elevation-Craters is 
quite inapplicable to Santorin. 

The volcanoes of Iceland have been carefully investigated 
during the past century. Mackenzie’s Travels gave the 
earliest detailed reports (i8ri); ii^ 1846, the great chemist 
Robert von Bunsen travelled through Iceland, and published 
five years later his famous treatise on the chemical composition 
and origin of the volcanic rocks of Iceland. Within recent 
years the island has been accurately mapped by members of 
the Norwegian Survey Department, and important contribu- 
tions have been made to the knowledge of its volcanoes by 
Thoroddscn and Keilhack. 

The extinct volcanoes of Europe have received a large share 
of attention from geologists. The Euganian Isles near Padua, 
and Monte Berici near Vicenza, have been studied by Dr. vom 
Rath, Dr. Reyer, and Professor Suess. 
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’Of . . ' 

The extinct volcanoes Central France, the Eifel and the 
Siebengebirge, have been frequently mentioned in the fore- 
going pages. Other favourite themes in geological literature 
are the basalt and trachyte domes of the Westerwald, the 
extensive volcanic district of the Vogelsgcbirge, the' extinct 
volcanoes in the vicinity of Cassel, in the Habichts Forest, 
KauTung Forest, and the Meissner Mountain.*^ As early as 
1790, a mineralogical study of the Meissner was published by 
J. Schaub, and a geological map of this mountain appeared 
in 1817. 

The Rhon has a historical interest for geofogy, as it was the 
basis of Voigt’s attack on the Neptunistic doctrines of his 
teacher Werner. The mode of occurrence of the phonolite 
and basalt bosses in the Rhon convinced Voigt of their 
volcanic origin. The first complete description of Ihe Rhon 
was given in 1866 by C. W. von Giimbel, in whose works on 
Bavarian geology will be found all the important features of 
the ancient centres of volcanicity in the Bavarian Forest. 
Another district exhaustively treated by^ Giimbel is the 
volcanic inthrow of the Ries. The basalt hills and tuff dykes 
of the Swabian Alp have been examined by Quenstedt (1869), 
Zirkel (1870), and more recently by W. Branco (1894). 
Professor Branco contests the hypothesis that all volcanoes 
occur upon tectonic fissures and faults. 

In the Hohgau in Baden phonolite and basalt mountains 
rise to a height of nearly 3000 feet They present for the 
most part the characteristics of homogeneous volcanic rock, 
but are partly accompanied also by masses^ of tuffs.- The 
pretty little volcanic mountain known as the Kaiserstuhl rises 
from the Rhine Plain between the Black Forest and the Vosges 
mountains. Baron von Dietrich in 7774 was the first to 
recognise its volcanic origin. 

The basaltic bosses in Thuringia, Saxony, and Silesia, as well 
as the extinct volcanoes in North Bohemia, Hungary, and 
Transylvania, have been the subject of petrographical papers, 
but have had no marked influence upon general conceptions of 
volcanism. The Kamraerbiihl near Eger has some historical 
interest, and a new paper was published upon it by Prost 
[Jahrbuch^ 1894). 

The writings on the district of Predazzo and the neighbour 
ing parts of the Fassa Valley and Schlern fill an important 
page in the history of volcanism. In 1819 Count Marzari 
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Pencati had drawn attention to th^ fact that not far from 
Predazzo, at the waterfall of Canzacoli, true granite covered 
the Alpine limestone and had altered it to marble. Leopold 
von Buch doubted in 1821 the position of the granite above 
the limestone, but»allowed that the granite had produced the 
metamorphism of the limestone to marble. Then followed 
Buch’s famous^papers on dolomite, and on the geology oPthe 
Fassa Valley, in which’^he on the one hand tried’ to explain the 
origin of the dolomite by the action of magnesia vapours 
during the eruption of augite porphyry, and on the other hand 
associated the upheaval of the Alps with the outbreaks of 
augite porphyry. 

Bucfrs declaration that in South Tyrol lay the key to 
the solution of Alpine geology, attracted geologists from all 
countries to this neighbourhood. The “Triassic granite” and 
Monzoni syenite, with their wonderful array of contact 
minerals, the dykes and massive sheets of augite porphyry, 
melaphyre and liebenerite porphyry, were described by several 
geologists. In i'8;24 PouletLScrope, Studer, and Ami Bou6 
visited Predazzo; in 1843 Von Klipstein published his obser- 
vations on the Fleims and Fassa Valley; in 1855 the hj'or- 
wegian mineralogist, Kjerulf, published his accurate mineral- 
ogical and chemical investigation of the Monzoni syenite. 

Baron von Richthofen’s monograph, published in i860, still 
forms the best foundation for the geology of South Tyrol. 
He determined a definite succession in the Triassic eruptive 
rocks — first the basic series, augite, porphyrite, monzonite, and 
hypersthenite, tl^en flows of lava, or the infilling of fissures by 
tourmaline granite, melaphyre, and liebenerite porphyry. 
Three years later Bernhardt von Cotta’s paper appeared on 
the intrusions and ramifications of the Monzoni syenite into 
the limestone, on contact mineral^ and on the melaphyre 
dykes in the limestone and dolomite, Lapparent in 1864 
sub-divided the eruptive rocks of the neighbourhood into a 
basic and an acid group, without entering into the particular 
succession, but Doelter’s petrographical studies led him to 
much the same conclusion about the succession as Richthofen 
had formed. Reyer, on the other hand, thought that granite 
and then syenite had been intruded during the Muschelkg.lk 
period; monzonite, porphyrite, and andesite had followed ; 
but in his opinion the same eruptive series had been re- 
peated in various geological epochs. Mojsisovics’ work, The 
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Dolomite Deefs of Sout/^ Tyro/, supplies a comprehensive 
account of this district, and forms the text to the Austrian 
Geological Survey Maps. 

More recently the Norwegian geologist, Professor r>roegger, 
has drawn a comparison between the rocks pf tlie South Tyrol 
eruptive area and those of the Christiania area. He demon- 
strafes that Richthofen’s “ Melaphyre” of the Mulatto mountain 
is not younger 'but older than the tourmaline granite, and tlmt 
altogether the basic eruptions of augite, porphyrite, plagioclase 
porphyrite, and melaphyres in the Fassa Valley for the most 
part preceded the intrusion of the granite. Only a few ultra- 
basic dykes which penetrate the granite at Predazzo are younger 
than it. Broegger arrives at the conclusion that granite, 
monzonite, hypersthenite are only the deep-seated equivalents 
of the Triassic outflows of porphyrites and melaphyres; and 
his comparison of the Predazzo and Christiania areas leads him 
to assign a Triassic age to the granite masses at Brixen, and to 
the tonalite, adamellite, and banatite of the Riesenferner group, 
the Adamello group, and Gima d’Asta. 

The extinct volcanoes of the Western Isles of Scotland 
wer# first described by MacCulloch {ante, p. 113). Ami Bou^, 
in his Geological Essay on Scotland (1820), distinguished very 
exactly between basaltic sheets and dykes, and described the 
various volcanic rocks petrographically. Although a student 
of Jameson, he attached himself to Hutton’s party in regard to 
the origin of basalt, phonolite, trachyte, porphyry, and granite. 

L. A. Necker, the grandson of the great Saussure, travelled 
in Scotland and the Western Hebrides in 1823^ but his account 
of his journey contained little that was new. The observations 
of Von Oeynhausen and Von Dechen, published in Karsten’s 
Archiv in 1826, were of some importance for the geology of 
Skye, Eigg, and Arran. 

In 1850, the Duke of Argyle discovered in the Island of 
Mull sedimentary beds with flint nodules belonging to the 
Cretaceous series, and fossil remains of dicotyledonous plants 
between basaltic flows. The fossils were determined by 
Edward Forbes to be of Tertiary age; nevertheless the same 
author referred the basalts of Skye to the Jurassic epoch. 
In,. 1861, Sir Archibald Geikie began that brilliant series of 
researches which extended over a period of thirty-five years, 
and made the Western Isles of Scotland a classical area for 
the study of extinct volcanoes. 
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Geikie at first agreed with Edwiurd Forbes as to the geolo- 
gical age of the basaltic flows in Slcye, but further researches 
led him to form another conclusion, and in 1867 he wrote that 
all the eruptions of basalt in the Western and the Faroe Isles, 
as well as those Iceland, had taken place during the Tertiary 
epoch, and that the individual outbreaks had been separated 
by long intervals of time, during which fresh-water deposits, 
conglomerates, and ^even thin coal-seams htd accumulated. 
The volcanic flows covered considerable areas and solidified 
quickly into compact basalt, sometimes to spheroidal or 
columnar basalt? Forbes had already expressed the opinion 
that in Scotland it was not a question of submarine but of sub- 
aerial eruptions, and Sir Archibald Geikie confirmed this view. 

While Geikie was still engaged in his field investigations, 
Professo^ Judd published a paper on the extinct volcanoes of 
the Scottish Highlands, in which he tried to prove that the 
volcanic outbursts had proceeded from five great central 
volcanoes. Judd supposes three periods of eruption, the first 
characterised only by acid rocks (felspathic lavas and granite), 
the second by basalt and basaltic tuff, and the third by the 
formation of sporadic volcanic cones of various constitution. 
Geikie contested these view^s in a series of papers whose con- 
tents are comprised in the second volume of his work, The 
Ancient Volcanoes of Great Britain^ published in 1897. 

No basaltic region in the world has been examined and 
described with the same accuracy as the Western Isles of 
Scotland. Sir Archibald Geikie has convincingly proved the 
order of succession of the different contemporaneous flows, 
the age of the various intrusive sheets and dykes, the occur- 
rences of fossiliferous strata interbedded between the contem- 
poraneous basaltic flows, and has also demonstrated the 
presence of ancient necks and in Several places even vestiges 
of original craters on the surface of the older lavas. Through 
his exposition of one of the most involved and puzzling pieces 
of research undertaken in any country, Geikie has thrown new 
light upon the history of extinct volcanic action. In his bands 
this typical district of ancient volcanicity has revealed to the 
geologist many fundamental principles of correlation in the 
subterranean and surface distribution, and in the consolida- 
tion of rock-magmas, which are of the highest significance^ for 
the study of homogeneous volcanic rock. The diverse and 
often marvellously beautiful scenic effects produced in the 


272 HISTORY OF GEOLOGY AND PAL/EONTOLOGY 

■■ ■ '4* 

volcanic rocks by subsequ^t denudation have been treated 
with no less careful observation and insight 

In the course of his researches, Geikie did not confine 
himself to the Scottish volcanoes of Tertiary age. The first 
volume of his important work treats the old^r volcanic rocks 
of Great Britain from the Pre-Cambrian to the close of the 
Permitin period, Geikie does not admit any ess^ential differ- 
ence between oTd and modern volcanoes; and lie judges all 
massive outpourings, sills and^ dykes, homogeneous bosses and 
cones, from this standpoint On the one hand, the phenomena 
of past periods are read in the light of recent manifestations 
of volcanic action; and versa^ the stratigraphical relations 
of the submarine tuffs and massive outbreaks of the Palaeozoic 
era are used to elucidate certain of the recent phenomena 
which are removed from present observation. In this- volume, 
examples are described of typical stratified volcanoes in the 
Silurian and Devonian formations of Wales and Scotland, the 
extensive fissure-eruptions of the Carboniferous epoch in 
Scotland, and the scattered homogeneous domes or tuff-cones 
which took origin in England during the same epoch. In the 
Mesozoic period, Great Britain was marked by almost com- 
plete cessation of volcanic activity. 

The volcanic phenomena of the Far 5 e Islands have been 
investigated by Professor James Geikie (1880), Amund Helland 
(1881), Breon (1884), and Lomas (1895). These islands 
display a close relationship with the northern areas of Great 
Britain. 

Important contributions to our knowledge of volcanicity 
have been made by Dr. Hermann Abich, in his works on the 
geology of the Caucasian areas. The Persian volcano 
Demavend has also been made the subject of geological 
researches, the Austrian geologist. Dr Tietze, having given 
the most recent account in 1878. Reports of the extinct 
volcanoes of Asia Minor appear in several books of travel 
published about the middle of the nineteenth century; the 
volcanoes in the vicinity of the Dead Sea have been examined 
in some detail by Blanckenhorn and Diener. 

In Asia proper, volcanic activity is at present concentrated 
alon^ the eastern coast-line, on the borders of the Pacific 
Ocean. .The volcanoes in Kamtschatka, in the Aleutian and 
Kurile Isles, in Japan, Formosa, and the Philippines, have 
been repeatedly described in geographical and geological litera- 
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ture. More special geological i^Spers on the volcanoes of 
japan have been published by Naumann in Germany by 
Milne in England, and by Wada and other Japanese audiors 
in the scientific literature of Japan. ^ e autliois 

JunghuhiYs wdl-illustrated account of the Javanese volcanoes 
holds a distinguished place in the literature, and the pkineer 
work of inv#stigatic^i begun by German es«forers wafiMv 
continued by the later communications of Emil Stohr on the 
Idjen-Raun and the Tenggor volcanoes in East Java and bv 
R. D M. Verbe^k, on the volcanic outbursts which cuiminatS 
in the fearful catastrophe of the Krakatoa eruption in 1884. 

tiy •■ecent volcanic action, was the 
^ene of colossal outpourings of volcanic matter during the 
Cretaceous epoch. The Geological Survey of India has alfeidv 
made known the leading characteristics of the Deccan basafts 
hLV ^ vast territory^^£ 

A classical district for volcanic research is the island of 
?hr' a" Mauna-Loa and Mauna Kef 

Professor Dana, and in 
f hr n monograph on the Hawaiian volcanoes* was 

published by Clarence Edward Dutton. Charles Darwhrl 
Geological Observations on the Volcanic Islands visited 
during the voyage of H.M.S Beaele” r , 

^tion for a new field of volf nic reLarff aL J 
results of the C/ia&,;ger Expedition have contributed SeS 
to the scientific knowledge of submarine eruptions ^ 

the fesf r 

and the rocks have been partially investigated but so far thpir 
North America possesses active volcanoes onlv in tl.A 

fhe^^h Alaska and Washington ^teifitorv 

These have been described by the geolos-ists of tt 
States j detailed information having flready been giveifofaH 
the important areas. Mount Elias in Alac;Vo ? 

(Tac„™) „d Mou„, Hood 

I8 
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the Mono Valley in East California. The magnifieent basalt 
plateau in Oregon and Washington, through which the Columbia 
River has channeled its course, was made known to the 
scientific world by Hayden, and the same geologist described 
for the first time in 1871 the wonderful lava plateau in North- 
Western Wyor^ing, on the banks of the Yellowstone River, 
with geysers, holhsprings, mud volcanoes, and extinct volcanic 
hills. Since the Yellowstone Park became in 1872 the 
national property of the Unitbd States, the Geological Survey 
Department has carried on without intermission the work of 
scientific exploration and detailed research in this region. 
Professor Tddings has described the volcanic rocks of the 
National Park in two memorable reports of the United States 
Survey (1888 and 1889). ^ 

Farther south, the high table-lands of Colorado, ' Arizona, 
and New Mexico display a number of extinct volcanoes 
which have broken through horizontal strata of Palaeozoic age 
and repose upon them as widespread sheets or conical hills. 
The volcanoes in Southern Colorado and ‘in Arizona were 
described by Powell, Wheeler, King, Gilbert, and others, and 
in 1882 the United States Survey published Dutton^s admir- 
able monograph of the Grand Caiion district. 

The Henry mountains, in the greatly denuded region west 
of the Colorado River, will always be memorable in geology 
as the locality of Gilbert’s epoch-making researches on volcanic-^ 
rocks. Gilbert demonstrated there the true nature of certain 
deep-seated intrusions which had made their way mainly along 
the beddingrplanes of sedimentary strata, bad '•solidified there 
in cistern-like form, and displaced the surrounding beds by 
their pressure. Such intrusions were termed “laccolites” by 
Gilbert, and in so far as th«y exert uplifting forces on the strata 
above them, Gilbert’s laccolitic intrusions are reminiscent of 
Von Buch’s Elevation-Craters. The term of “ laccolite,” 
together with Gilbert’s explanation, is almost universally 
accepted by geologists. Peale, Holmes, and Endlich (1877) 
have shown how, in virtue of denudation and removal of the 
stratified rock-material, individual laccolites have been exposed 
superficially as dome shaped bosses of igneous rock. 

Alexander von Humboldt was the first to explore the 
Mexican volcanoes, and the German geologists Felix and Lenk 
published, during the years 1888-91, valuable contributions 
to the geology and palaeontology of Mexico. The volcanoes 
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described in 1868 bv 
M. Dollfuss-Montserrat, and Dr. Sapper has recently been 
engaged on a senes of researches in this area 
_ There have been comparatively few geological publications 
dealing with 4 he volcanoes and volcanic rocks of South 
America since the pioneer works of Humboldt. Dr. Abhons 
Stube has, however made a special stu^y'of the volcanic 
mountains of Ecuador, and published in Berlin in i8q 7 a 
special monograph of the district, accompanied by a Geo- 
logical Map. Dr. Stubel gives a summary of his results in 
the introductory chapter, where he represents his views on 
volcanic phenomena from a general standpoint. He thinks 
It probablebhat m the first stage of the Earth’s coolin- out- 
pourings of magma occurred so frequently, and were of ’such 
colossal dinaensions that the older volcanic material had only 
partially solidified when younger outflows burst forth and 
spread above_ them. In this way the cooling of the older 
magmas was indefinitely delayed, and they continued as local 
_ peripheral cisterns or reservoirs of volcanic material occur- 
ring _at very small depths below the surface, and exiremelv 
sensitive to any variation in the surrounding physical con- 
ditions. Dr. Stubel regards these “peripheral” reservoirs 
as the base of supply from which present volcanoes derive 
their volcanic material, and he correlates the surface extent of 
volcanic groups and the arrangement of the individual erup- 
tive vents or fissures with the original shape and size of the 
respective areas of primitive, uncooled magma. The force 

to Di. Stubel in the magma itself, and the region of the least 
resistance IS the path along which the liquid masses find thdr 
way to the surface. The conditions oHeast resistance S 
kfndsXo”b‘ at the limits of different 

The scientific study of the extinct volcanoes, and especially 
the exact petrographical examination of the products o^f erup^ 
tion has exerted a marked influence on the theoretbal 
exp anation of volcanic phenomena. It was only to be 2 ' 
pcted that exact knowledge should finally dispose of many 
fanciful hypoth^eses, such as those which explained volcanic 
action from the burning of coal-seams or petroleum the 
decomposition of sulphur metals and other substances ’fro2 
electricity, or the local disengagement of vapours. 
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Wider geographical and geological knowledge has -shown 
the earth’s volcanicity to be a phenomenon of universal occur- 
rence which cannot be explained as a result of occasional local 
catastrophes. 

Descartes had in 1644 suggested that the friction of 
inthrow;n rocknnasses might induce processes of fusion, and 
Franke in 17^^ attributed volcanic outbreaks^ to local 
shearing in the earth’s crust More recently, conversion of 
mechanical work into heat wasrfnade the basis of a hypothesis 
by Volger in his book entitled The Earth and Eternity^ 
published in 1857. Volger suggested that both earthquakes 
and volcanoes were caused by partial collapse and inthrow of 
rock-material superincumbent upon subterranean cavities. A 
mechanical theory of a somewhat different character was 
proposed in 1866 by Mohr, He supposes that certain 
deep-lying strata in the earth’s crust have lost their original 
consistency either by means of chemical decomposition or 
from other causes. If these weaker layers be subjected to the 
pressure of a considerable thickness of overlying rock-deposits, 
and if, as in the submarine areas, they have to bear in addition 
the weight of a vast column of water, they may be crushed, 
heated, and even in some cases melted and ejected at lines of 
crust-fissures. Mohr referred more particularly the submarine 
tuffs to this mode of origin. Pfaff wrote in 1871 a paper 
on “Volcanic Phenomena,” in which he opposed Mohr’s theory, 
and said that thermo-dynamic action alone could not generate 
sufficient heat to fuse rock-masses. 

The English physicist, Robert Mallet, made the most 
successful attempt to found a mechanical theory of vol- 
canicity. He assumed that the earth’s crust, in consequence 
of a slow and protracted ^cooling of the globe, is now of 
considerable thickness. During the earth’s cooling the masses 
contracted as they solidified, and their contraction created 
tangential pressures through the crust. According to Mallet’s 
theory, the hotter internal mass of the earth cools and 
contracts more rapidly than the crust, which is in con- 
sequence liable to recurring accidents of incrush and inthrow. 
Tangential pressure is resolved into vertically-acting forces, 
and folds and corrugates the earth’s crust, forming larger and 
smaller mountain-chains. Fissures develop along the lines of 
greatest weakness in the crust, and it is chiefly at these that 
the rocks give way for long distances and are crushed and 
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crumpled. The work effected by the compression and 
movement of the rocks is transmuted into heat, and under 
local conditions of concentration of the movements or sudden 
cessation and relief of pressure, the temperature of the crushed 
rocks may arriye at the point of actual fusion. If interstitial 
or descending surface-water be absorbed by the glowing 
rock-masse:s in sufficient quantity, its conve^on into ^eam at 
any moment of diminished pressure give origin to 

explosive volcanic phenomena^ at the surface. These are the 
general arguments in Mallet’s theory of volcanicity, which 
was strengthened by the author’s elaborate series of experi- 
mental researches on the stresses required to crush different 
varieties of rock, and the amount of heat that would be 
produced in each case by this mechanical means. 

Malkt’s theory has been contested by Justus Roth in 
Germany and by Poulett-Scrope and Fisher in England. But 
certain ideas in it, such as the steady contraction of the 
earth’s nucleus and its tendency to shrink away from an 
unequally yielding crust, have proved distinctly valuable in the 
consideration of the earth’s physics, and have been variously 
applied by later authors. • 

Most geologists at present look sceptically upon any theory 
which derives volcanic action from the conversion of 
dynamical energy into heat during crust-movements. Present 
opinion associates volcanic phenomena with the primitive 
internal heat of the earth, and supposes rock-magma to be 
embodied in a state of fusion within the earth’s mass. This 
was likewise the broad conception of volcanicity which was 
held by the ancient philosophers, and by Athanasius Kircher, 
Steno, Buffon, Dolomieu, Spallanzani, Faujas de Saint-Fond, 
Von Humboldt, Von Buch, Poulett-Scrope, Daubeny, and 
Lyell 

The actual protrusion ot subterrestrial magmas into the 
earth’s crust or at the surface was attributed by Cordier, 
Constant Prevost, and Dana to the cooling of the earth’s crust 
and the pressure which it therefore exerts upon the nuclear 
mass. Professor Suess has applied the distinctive term of 
“ batholite ” to an older massive protrusion of magma 
solidified as coarse crystalline rock in the deep horizons i)f the 
crust. In 1888, the same geologist in his famous work, Der 
Antliiz der Erde, discusses the conditions which determine 
the particular form of igneous protrusion, whether as deep- 
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seated batholites, as laccoH|,es intruded at various horizons 
between the sedimentary deposits, as fissure eruptions, or 
volcanic explosions. He summarises his views in the 
following sentences: '‘The uppermost peripheral parts of the 
earth’s body are held firmly arched in virtue oj the tangential 
tensions. Either radial tensions or crust sagging causes a part 
of the Earth’s b(»^ to split away from the outer crust towards 
the interior, and ^ large cavity or macula forms more or less 
parallel with the earth’s surface*, lenticular in shape if produced 
mainly by sagging, and wider if due to radial fracture. The 
macula fills with lava; and if the surface rocks subjected to 
tangential tensions find escape from them in any direction, for 
instance by a folding movement or by the overthrust of 
another mass of rock, then the relieved portion of the arched 
crust which is immediately above the macula sinks inte it and 
lava wells forth at the faults and deeper inthrows ” (Joe, cit., 
voL i., p. 220). 

Dr. Reyer, in his work Theoretische Geologie (1888), 
groups batholites, laccolites, domes (Kuppen)^ and sheets as 
massive eruptions, and distinguishes them from true volcanic 
erupti(^ns associated with fragmentary discharges. At the 
same time he allows that in Mexico, Iceland, and in other 
localities, massive intrusions and outpourings occur in 
combination with typical tuff volcanoes, Reyer contests 
Gilbert’s explanation of laccolites as intrusions following the 
bedding-planes of strata ; he regards them primarily as surface 
protrusions contemporaneous with the sedimentary deposits in 
association with which they occur; and with i;egard to the 
apophyses extending from laccolitic invasions into super- 
incumbent strata, Reyer says they are intrusions altogether 
subsequent to the laccolites. True volcanic mountains must, 
according to Reyer, include tuffs and loose fragmental 
products, but may or may not include lava ; these are piled 
round the orifice and arranged as inclined successive layers. 
The craters are, he thinks, usually the result of explosion ; 
occasionally, however, they arise from inthrow. The larger 
areas of subsidence, on which the volcanic mountains are 
found, appear to have been formed by repeated eruptions. 

It iiad been recognised by Dolomieu and Spallanzani that 
the violent outbursts from active volcanoes could not be 
entirely due to the pressure of the outer firm envelope of the 
earth upon internal molten material. But, whereas Dolomieu 
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suggested sulphur as the cause of fluxion, Spallanzani believed 
that the expansion of vapours ^\as the main cause of the 
explosive phenomena of eruptions, and Humboldt and 
Poulett-Scrope accepted and extended Spallanzani’s view. 
Scrope regarded^ the elastic vapours as original constituents 
of the earth-magma ; on the other hand, Humboldt contended 
tha.t water had passed down from the surface ^iroiigh fissures, 
had there^ cbme iir contact with the glowii^ magma, been 
converted into steam, and absorbed in the magma. The 
majority of later geologists agrie with Humboldt’s explana- 
tion. • 

Humboldt had chiefly in view the descent of sea-water 
through crust-fissures, as the geographical distribution of 
active volcanoes would suggest, but he by no means excluded 
the likelihood that similar results ensue from the percolation 
of meteoric water through the rocks. The obvious diffi- 
culty, pointed out by Humboldt himself, was whether the 
hydrostatic pressure of the descending column of water could 
overcome ^ the resistance of the vapours at high tension in 
the earth’s interfor. Bischof and Daubree have shown that 
surface water may, in virtue of capillarity and the pressure of 
its owm column, descend into the heated depths of the earth. 
Angelot also concluded that the tension of a column of water 
would at any depth be overcome by the pressure of the 
superincumbent masses of water; in his o-pinion, the ocean 
is the source of the vapours dissolved in deep-seated magma. 
And Bischof shows that not only water-vapour but also 
carbonic acid, hydrochloric acid, and other gases imprisoned 
in rock-magma play a considerable part in eruption. 

In more recent geological writings, Reyer has investigated 
the question of supply in reference to the constituents of 
molten magmas, and his conclusions are in agreement with 
those of Angelot, Fourier, and Poulett-Scrope. According to 
Reyer, at the formation of the earth, not only vapour of water, 
but many other gases and liquids were intermixed with the 
material matter of the earth, and these have been preserved in 
it. The continual separation of the less fusible parts from the 
magma is always accompanied by the escape of gases. These 
are absorbed by the liquids with which the magmas are 
soaked, and owing to a relief of superincumbent pressure* the 
liquids may at any time vaporise and the magma may be 
expelled towards the surface in fluid condition. Experiments 


280 history of geology and PAL/EONtOLOGV. 

were made by Hochstettjr, Suess, and Reyer on molten 
sulphur and other substances which absorb gases in large 
quantities, and during the process of cooling from the molten 
condition, the escape of the gases was accompanied by 
explosive phenomena. Under certain circupistances, at the 
places of explosion conical-shaped masses formed resembling 
those t>f volcani^iountains, 

F. Earthqimkes, — Earthcpiakes may arise in the solid crust 
or in still deeper horizons of the earth. They accompany all 
the more violent eruptions, but they may trfke place quite 
independently of volcanic phenomena. Records of earth- 
quakes have. been handed down from the earliest times, but 
the classical and mediccval writers confined themselves to the 
descriptions of the leading natural phenomena, and the 
catastrophes and terrifying effects produced by earthquakes on 
people and animalsT 

Scientific research of earth-tremors may be said to have com- 
menced in the beginning of the eighteenth century, and had 
already progressed so far that Hoff was able to compile an ex- 
cellei>t monograph of earthquakes for the second volume of 
his work. Another good account of the phenomena and 
effects of earthquakes was published in Friedrich Hoffmann’s 
posthumous works (1828). An essay by L')r. Kries upon the 
origin of earthquakes was awarded a prize at Leipzig in 1827. 
Naumann’s Text-hook of Geognosy contained a complete 
resume of all the scientific facts about earthquakes known 
before 1850. So exhaustive was Naumann’s account that 
Landgrebe could bring forward little additional knowledge 
in his Naturgeschichte der Viilkane tind Erdheben (vol. ii., 

1854). 

All the earlier writings 5 f the nineteenth century follow 
Alexander von Humboldt in representing earthquakes and vol- 
canoes as different manifestations of the same set of causes. 
Humboldt defined earthquakes as “Reactions of the earth’s 
nucleus against the solid crust,” and volcanoe.s as “Safety- 
valves” for the immediate neighbourhood of such disturbances. 
Emil Kluge, who made a special study of the earth-tremors 
and, shocks in the years 1850-57, supported Flumboldt’s 

^ A short historical account of the prevailing views regarding earth- 
quakes which w'ere held by the authorities of antiquity and the Middle 
Ages, will be found in R. Iloernes’ Erdbelenkunde^ I.eipzig, 1893. 
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standpoint, and placed great importance on evidences 
of the interchangeable relations subsisting between earth- 
quakes and volcanoes. Naumann contended, in opposition 
to Humboldt’s generalisation, that certain earthquakes might 
be termed plutijnic, in so far as they occurred independently 
of volcanic influences; Von Seebach also attributed earth- 
quakes in some instances to local distur^nces of ’crust 
equilibrium, not hecessarily associated <^h the earth’s 
volcanicity. Since Humboldt’s famous description of the 
Cumana earthquake, great advances have been made in the 
knowledge of ?he geographical distribution of earthquakes 
the methods of determining the position of seismic foci and 
the rate, the intensity, and the mode of propagation. ’ 

One of the most indefatigable bibliographers of earthquake 
phenomena was Professor Alexis Perrey in Dijon Between 
the years 1841 and 1874 Perrey collected statistics of 
earthquakes extending back for more than fifteen centuries 
In England, Robert Mallet and his son J. W. Mallet 
published an JE^ctTihcjucikc Catalogue for the period i6ofi 
1858; Muschketow collected the^data of the ^Russian and 
Central Asiatic earthquakes; in Germany, Hoff and liBero-- 
haus published in 1841 a catalogue of volcanic eruptions 
and earthquakes, and C. W. Fuchs kept a regular chronicle 
of observations from 1873 to 1885; Volger published a 
careful account of the Swiss earthquakes, together with some 
notes on the periodicity, propagation, and extension of the 
shocks. 

Italy, so frequently the scene of destructive earthquakes 
possesses in De Rossi, the founder of “underground 
meteorology,” a historian of equal rank with Perrey. De Rossi’s 
chief work, published 1879-82, comprises his own valuable 
observations and regular records ke*pt for several decades in the 
seismological observatory which he erected at Rocca di Papa 
in the Alban mountains. ^ ‘ 

Baratta carefully compiled all the records of the terrible 
earthquake in the year 1627, which devastated the peninsular 
aiea of Monte Gargano. The . Neapolitan earthquake of 

suggestive paper by 

Mallet. I he violent shocks during the last decades of. the 
nineteenth century at Belluno (1873), Ischia (1883), and 
Liguria (1887), have been made the subject of a large number 
of publications by foreign geologists and meteorologists. A 


282 HtSTGRY OF GEOLOGY AND FAL/EONtOLOGY. 

voluminous literature now ^exists on earthquakes and slight 
tremors experienced in Europe during the last quarter of the 
nineteenth century, special commissions having been appointed 
in most countries to keep a record of observations. 

In Great Britain, Professor James Geikie, Davison, and 
White continue the work of R. and J. W. Mallet, and there is 
no lade of obsq^ations in North America, Guatemala, Mexico, 
India, Australia^.d Africa. Seismological Studies were initiated 
by Dr. E. Naumann and Dr. Knipping in Japan, and the newer 
reports of Dr. Milne, Koto, Sekiya, and others in the 
Tra7isactions of the Seismological Society of Jafan^ contain full 
accounts of the earthquakes in these localities. 

Of late , years very delicate seismometers have been 
invented, by the use of which it has been possible to obtain 
accurate records, not only of violent shocks but « of liner 
pulsations and tremors imperceptible to human sensation. 
Cacciatore of Palmero used as a seismometer a shallow shell 
filled with quicksilver, and having a number of notches at 
regular distances round the edge ; small cups were placed 
below the notches, and in the event of any movement of the 
shelly the quicksilver escaped into these cups and could be 
weighed as a measure of the intensity of the shock. This 
simple apparatus was replaced by numerous others of much 
more complicated construction, which sometimes applied the 
pendulum, and were sometimes made self-registering by 
specially devised clock-work. Thanks to many ingenious 
inventions, meteorological science now possesses a wealth of 
observations on the frequency, continuance, periodic recur- 
rence, and geographical distribution of earthquakes, as well as 
on the mode of transmission, direction, intensity, rate of 
propagation, and character of the shocks. Geologists have 
concerned themselves mor»e with the destructive effect, the 
surface deformation and geological action of crust-tremors, 
and with the modifying influence exerted by the various kinds 
of rock upon the intensity and transmission of earth- 
movements. 

Mallet, Von Seebach, Von Lasaulx, and Dutton proposed 
various methods of ascertaining the area of impulses during 
an earthquake. Both Mallet and Seebach concluded from 
geometrical methods that the seismic focus was at a 
comparatively small depth below the surface, but this result, so 
far from having been confirmed, seems to be contradicted by 
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Whitney’s observations in California^by Wynne’s in the Punjab, 
and by Heim’s in Switzerland. 

Peri'ey’s long historical catalogue of earthquakes was 
intended in the first instance to determine how far earth- 
tremors had bee^ encouraged by the particular times of the 
day, or seasons of the year, or by the disposition of the earth 
with reference^ to other heavenly bodies. The jesults are not 
altogether satis fact dVy, for although they«^ prove greater 
frequency of earth-tremors in winter and autumn than in 
other seasons, no definite law can be induced. Neither do 
the statistics gwe any confirmation of the idea that the 
occurrence of earthquakes may have; some connection with 
meteorological conditions. On the other hand, they led 
Professor Perrey to conclude that an explanation of earthquakes 
might be*found in the varying attraction of the moon at its 
different phases. 

He supposes the earth’s crust to be as uneven on its inner 
concave surface towards the nucleus as upon its outer surface ; 
that under the attraction of the moon the hot nucleus swells 
upward in wave-like form and presses against the weakest 
parts of the crust, with the result that the terrene impulse is 
transmitted through the crust as an earthquake. 

Dr. Rudolf Falb in 1869 independently formulated a theory 
of earthquakes similar in character, but more fully elaborated 
than that of Professor Perrey. Dr. Falb connects high tidal 
waves of the earth’s magma with the attractions exerted upon 
the earth by the sun, the moon, and other heavenly bodies, 
and he therefore thinks it possible to foretell from astronomical 
calculations “ critical ” days or periods on which violent 
seismic disturbances will take place. A general connection 
between solar and lunar attraction and the occurrence of 
earthquakes is accepted by a •considerable number of 
astronomers and geologists, amongst others, by J. Schmidt, 

C. F. Naumann, Von Lasaulx, Pilar, and others. But several 
authors have disputed Dr. Falb’s theory. One main conten- 
tion is the uncertainty regarding the actual condition of the ' ^ 
earth’s nucleus; liiany physicists and geologists now believe 
that the nucleus is practically solid, and that molten rock- 
magma can only be present under certain definite conditigns 
of depth and pressure, and is necessarily of limited distribution 
in the earth’s mass, ^ 

Friedrich Hoffmann had distinguished different kinds of 
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earthqualies according to their field of action as succussive or 
vertical, undulatory or wave-like, and rotatory or whirled 
At the present day, earthquakes are usually classified as 
central and linear; in the case of “ central ” earthquakes the 
undulatory movements radiate from a seismic focus towards 
all directions; in the case of “linear” earthquakes the 
movements are limited to long strips of the. crust ’ Von 
Seebach termed'’^the subterranean origin of an earthquake the 
“seismic centre”; the median point at the surface within a 

region of earthquake shock he termed the “ epicentrum ” at 

this point the shock manifesting itself chiefly^by up and down 
motion ; and to the imaginary lines drawn through all points 
simultaneously affected by the shock, he gave the name of 
“ homoseisms ” or “ isoseisms.” But it has to be remembered 
that a definite central point of origin has only been determined 
in a few cases. Generally the seismic centre or focus has 
been ascertained to be in point of fact an underground area 
from which concussions are propagated vertically along a 
large number of parallel lines, which Mallet has called 
Seismic Verticals. ^ Undulatory impulses are also transmitted 
obh^iuely through the surface, the intensity of the shock at the 
surface diminishing in proportion as the angle of emergence 
increases. In the case of the Agram earthquake in 1880, a 
large surface area was affected by vertical movements of 
almost equal intensity, showing that the underground focal 
area was of considerable extent. 

The leading geological authorities now associate earthquake 
shocks with manifestations of volcanism, cr^st collapse, or 
tectonic crust-movement. Earthquakes as a rule precede or 
accompany the eruptions of active volcanoes, but they often 
occur in volcanic districts when there is no actual discharge 
from' volcanic vents. The^ earthquakes which have been 
directly traced to crust subsidences were of small extent and 
intensity. And it is now widely accepted that most earth- 
quakes which occur in non-volcanic districts are originated by 
dislocations and movements in the earth’s crust. 

In two suggestive papers (1873-74) on the Earthquakes of 
Lower Austria and Southern Italy, Professor Suess showed 
conclusively that^ earthquakes occur along the lines of tec- 
tonic movement in a mountain-system, and quite irrespective 
of any volcanic phenomena. lioernes contributed several 
interesting papers on tectonic tremors, demonstrating by 
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specific examples the frequency of ^earthquakes along narrow 
tracts or over areas which have been the seat of important 
crust-movements of displacement, fracture, or subsid$mcc. 
Toula proposed the distinctive name of “dislocation eariln 
quakes to such^as accompanied the grander movements in 
the earth's crust. 

Gilbert in California, Griesbach in Beloocl^stan, Kofo in 
Japan, and otfier observers have proved the oi^in of extensive 
fisLres at the earth’s surface as a consequence of recent 
earthquakes. Permanent changes in the surface conformation, 
especially siibsicfences, have very often been reported as a 
chief factor in the catastrophes caused by earihc|uakes. In 
the fearful earthquake at Lisbon, the quay sank into 
the sea with all the ships anchored in it and thousamls of 
people oni its margin. During the Calabrian earth(|iiakc, in 
the year 1783, more than two hundred lakes and morasses 
were formed. In the year 1819, according to I.yeil, an 
earthquake at the eastern river-mouth of the Indus converted 
an area 2000 sqyare miles in extent into a lake ; on the 
Mississippi flats, in China, Syria, and Chili, earthquake 
inthrows have been recorded. ^ 

It has, however, rarely happened that the ground has !)een 
elevated in consequence of the passage of an earthcpiake. 
The best known accounts of elevations come from Chili, and 
were accepted as trustworthy by no less an authority than 
Charles Darwin ; Professor Suess regards them as of doubtful 
integrity, and C- W. Fuchs affirms that since earthquakes and 
their phenomeim and consequences have been observed with 
scientific accuracy, not a single case of ground-elevation has 
been authoritatively recorded. 

G. Secular Movements of UphecfVal and Depression . — The 
study of the sedimentary deposits of past geological epochs 
reveals conclusively that vast changes have repeatedly taken 
place in the distribution of land and sea upon the face of the 
earth. But it is difficult to determine what changes are now 
in progress, whether certain parts of the earth’s land surfaces 
are being at present elevated or depressed, or whether oceanic 
variations are accomplishing changes in the relative level, of, 
land and sea. It seems almost impossible to record slow’- 
movements in the interior of the continents, and the 
topographical maps render little assistance in this respect, as 
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it is only a century since #neasurements of height have been 
taken in sufficient number and with sufficient accuracy to 
afford secure data for comparison. For geological processes a 
hundred years is a period of as small significance as a single 
second in the history of mankind. 

It is easier to determine variations of level at sea-coasts, 
but even the^je it is often doubtful whether^ a change of 
relative level i^due to displacements of the land or of the 
ocean ; and the observer has to be careful not to mistake for 
secular movements any of the effects of sedimentation in 
heightening the land, or of marine erosion and subaerial 
denudation in breaking down the coast. The occurrence of 
submerged forests and beds of peat, old roads and other 
human structures on the sea-floor are among the more secure 
evidences of a depression of the land or uprise of ‘the water. 
On the other hand, remains of harbour and pier con- 
structions, and fragments of vessels found at a height above 
the existing sea-level, or at some distance inland, give evidence 
of a secular movement of land-elevation or -retreat of the sea 
within historic ages. Former coast-lines and terraces can 
sometimes be identified many hundred feet above the present 
surface of the ocean. The exposure of delta deposits is 
usually regarded as a sign of land elevation, whereas long 
narrow fiords occurring as the continuation of river-valleys 
towards the sea, are regarded as proofs that a coast is 
undergoing subsidence. 

The oldest direct observations on relative changes of level 
were made in Scandinavia. Hjarne observed in 1702 that the- 
Swedish coasts were frequently extended in consequence of a 
retreat of the sea, and Celsius and Linnseus afterwards made 
investigations on the rate of retreat by means of boundaries 
and marks on the rocks at tGefle and Kalmar. Celsius in 1743 
read his memorable paper at the Swedish Academy of Science, 
in which he argued that the volume of water in the ocean was 
diminishing. He calculated the sinking of the ocean surface- 
level at forty-five inches in a century. Linnseus supported 
the views of Celsius, but Bishop Browallius (1756), E. D. 
Runeberg, and the Danish scientist, Jessen (1763), opposed 
them. E. D. Runeberg argued that the changes on the 
Swedish coast were due to elevation of the land in consequence 
of earthquakes. 

The Scottish mathematician, Professor Playfair, in 1802 
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raised an important objection the theory of Celsius by 
painting out that if the changes were really due to the lowering 
of the ocean-surface, the diminution should, according to 
hydrostatic laws, take place quite uniformly, and this was 
apparently not 4:he case. Playfair therefore attributed the 
changes to an elevation of the land in consequence of subter- 
ranean forcQ^. Leopold yon Buch also for^d the o])inion 
that the Swedish coasts were rising, but neitffer in his work in 
1807, nor in Karl von Hoff’s historical and critical reviews in 
1834, was any explanation suggested as to the causes of the 
movements. • 

The Stockholm Academy appointed a Commission to inquire 
into all the evidences, and the reports in 1820 and 1821 
entirely corroborated the scientific account of a general 
extensioft of large coastal tracts. The upraised mussel-beds 
near Uddewalla, on the west coast of Sweden, and the raised 
beaches with marine shells in Norway, had been cited by 
Buch, Brongniart, and Lyell as proofs of land elevation. 
Yet the chemist. Professor Jacob Berzelius, in 1835 adhered 
to the older view; he connected, the changes along the coast 
with sinking of the sea-level in consequence of the coohng of 
the earth and contraction of the crust. In 1837, Professor 
Keilhau in Christiania collected all the observations that had 
been made on coast movement in Norway, and calculated from 
them that the land had risen 470 to 600 feet since the Diluvial 
epoch. 

A French expedition was sent to Scandinavia and Lapland, 
and Dr. E. Rqbert, the geologist attached to it, was enabled 
to add to Keilhau’s summary a number of supplementary 
observations in Finland and Lapland. It was thus proved 
that raised beaches and terraces extended throughout all the 
northern part of Scandinavia. Bravais, another member of 
the French expedition during a prolonged stay in Finland, 
followed the remains of former coast-lines between the Alten 
Fjord and Hammerfest, and in his papers published 1842-43 
he described in the Alten Fjord two successive terraces which 
were not parallel with one another, but converged towards the 
coast and showed several variations of height at their different 
parts. This observation was declared by Naumann in his 
text-book to be incontestable proof that the coast had been 
elevated. Considerable doubt, however, was thrown upon 
Bravais’s observations a few years later by Robert Chambers 
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in an important work on Sea ‘Afiirglns. The Ghris- 

tiapia Professor, Theodore Kjerulf, in i87i“73 also questioned 
some of Bravais’s observations, although he in no way dis- 
sented from the opinion that the land had been elevated. 
Professor Sexe in Christiania sought an explanation of the 
phenomena in glacial action, but H. Mohn and K. Pettersen 
in several papers published between 1,870 and ^1880 refuted 
this suggestion, added many new data in confirmation of 
land elevation. Dr, Pettersen showed that the Norwegian raised 
beaches and terraces occurreci at higher and higher levels the 
farther inland they were found, and that the highest platforms 
were situated at the upper end of the deep fjords. 

The Swedish geologist, De Geer, confirmed this observation 
both in Norway and Sweden, and drew up a chart of curves con- 
necting all the raised beaches of the same height. These curves 
he termed “ iso-anabases,’’ and found that they formed a series 
of ellipses whose major axis almost coincided with the water- 
shed between Sweden and Norway. De Geer concluded that 
Scandinavia had been slowly upheaved since fiie Ice Age, the 
extent of the upheaval exceeding 600 feet in the central areas of 
the country. But he thought certain facts indicated that there 
had been a slight movement of subsidence between a period of 
maximum upheaval and the present epoch of elevation. While 
it was in Scandinavia that crust movements now in progress 
first attracted the attention of scientific men, keen interest was 
aroused in Scotland by analogous examples of upraised mussel- 
beds and beaches (the “parallel roads”). As early as 1806, 
Jameson had observed deposits containing the ^ells of recent 
molluscs at some height on the shores of the Firth of Forth 
and the Firth of Clyde, but published no account of them 
until 1835. Afterwards several geologists examined them, 
amongst others Prestwich ^ and Robert Chambers. The 
traces of ancient sea-margins far inland were first recog- 
nised by MacCulloch, and have since been described by 
Charles Darwin, Agassiz the elder, Murchison, Buckland, 
Lyell, and more recently by J. Geikie. Almost without 
exception all observers agree in regarding them as proof of 
recent elevation of the land. 

Similar evidences of elevation occur in Ireland, England, 
Finland, on the coast of the White Sea, on the islands of 
Spitzbergen and Novaia Zemblia, on the coasts of Siberia, 
Greenland, on the eastern and western coasts of North 
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America, in Patagonia, the Argentine Republic, Chili and 
Peru, and at ' the 'southern extremities of Australia and 
Africa. ' 

Darwin, in founding his Coral-reef theory, assumed that a slow 
subsidence had# taken place over a vast region of the Pacific 
and Indian Oceans. In spite of a very large number of data, 
however, it has notjbeen possible to formulaj^^any definite law 
of secular variations. Movements of elevation and depression 
are reported in various Iatitudes9 and are frequently known to 
take place in opposite senses at localities adjacent to one 
another. Whel^ Dana in 1849, from his observations in the 
Pacific Ocean, concluded that elevation was in progress in the 
region around the North Pole, and subsidence in the areas 
near the Equator, he formed his opinion upon insufficient 
data. 'Phe general truth has, however, been established, that 
relative changes of level are still in progress along many of the 
coast-lines, and that since the Diluvial epoch dislocations have 
been produced, measuring 300-1500 feet. In many cases 
these movements are slowly and imperceptibly accomplished, 
in others they occur with convulsive suddenness. Sartorius 
von Waltershausen in 1845 distinguished the formSr as 
Secular^ the latter as I?istanianeoiis fluctuations of ground- 
level. 

Von Humboldt and Von Buch had directed attention 
to local movements of land in connection with volcanoes and 
earthquakes, and the example of this character most frequently 
cited in literature is the temple of Serapis at Pozzuoli, in 
the Bay of Naples. The columns of the ruined portico are 
marked by the borings of a marine mollusc at a height of 
thirteen feet above the present surface-level of the Bay. In 
1803, Breislak in the French editiqji of his text-book explained 
the phenomenon on the hypothesis that the Serapeum had 
subsided and had remained for a period stationary at the 
water-level indicated on the pillars by the mollusc borings, but 
that afterwards a period of emergence and uprise had* succeeded. 
This explanation was strongly opposed by Wolfgang voii 
Goethe. The great poet would not listen to any arguments 
in favour of oscillations of level; in his opinion, the former 
submersion of the temple had been due to an enormous Mod. 
Breislak^s view has, however, been supported by several 
leading British scientists, Babbage, Forbes, Poulett-Scrope, 
and Charles Lyell. The excellent treatise published by 

19 


290 HISTORY OK GEOLOGY AND PALAiONTOLOGY. 

Babbage in 1834 has prove*d a reference work oT permanent 
Labbage m 1 34 ^ , . ^jg^ussion of the subject 

b ht; ioSental authors of repute, Hoffouhu 

Scacchi (1849), also accepted the explanation of alter- 
intini’ Jovements and the Serapeum beca^e^a recognised 
exam^e in the text-books of “instantaneous change of level. 

Antonio Nicc^oiini made observations for several decades, 
and wrote between 1838 and 1846, a senes of papers in vvhtch 
he contended that the submersion of the Serapeiini had not 
Se,rdurto ruovoruoot of the tod, but.to a rrs^s in ho 
water-level of the ocean. Professor Suess has ariived at the 
same conclusion as Niccolini ; he points out that the changes 
fnevel at Pozzuoli were limited to the area of the Phlegrean 
volcanic ^oSs and argues that after a slow rise of the water- 
level throughout many centuries, there c^rne <i“ring, or 
• 4 ot»i« after the eruption which formed Monte Nuove 

rsTs" tSS the water-level, so .ha, the 

tomole ruins were once more fully exposed. , j r 

Ser cases of instantaneous uprise have bSen reported from 
the western coast of South America. The first account 
anpearS in a letter from a lady, Mrs. Maria Graham, to he 
Geolo<rical Society of London. The letter relates how, aftci^ 
he Va pa aiso earthquake in November 1822, a long strip of 
he loasTof Chili rosi three or four feet above the sea-level 
tL German traveller, Poppig, heard f 

from the fishermen of the district when he vi^ted the Lay ot 
Crcin in 1827. Charles Darwin and Captain Fitzroy 
witnessed, in 1835, a violent earthquake in «hili, and they 
reported local elevations of eight or nine feet along disloca- 
tions that formed in the district of Concepcion and Valdma. 
Darwin also observed raised beaches and terraces at various 
heights on the coasts of Chili. some of thena 1,500 feet above 
sea-level and he came to the conclusion that sudden eleva- 
tfons S land had followed the earthquakes so frequently 
associated with volcanic activity in that 

the basis of his direct observations in Chili, Darwin tounaea 
his bold theory of the uprise of continents and mountain- 
systems by successive sudden elevations due to volcan 

Ever since oscillations of level have been observed, there 
have been differences of opinion regarding the cause or causes. 
Strabo doubted as little in the elevation of islands, mountains. 
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and portions of the continents, ^as in the collapse and sub- 
mergence of larger and smaller areas of the land. Athanasius 
Kircher gave circumstantial descriptions of sunken islands 
(Atlantis), and of lands raised from the ocean-door. In the 
eighteenth century, De Maillet and Buffon ascribed changes 
of surface conformation to gradual diminution of th^ ocean 
volume, while Lazzaro Moro tried to etrplain the double 
aspect of emergence of land and ascent of the water-level by 
means of volcanic catastrophes." The Swiss investigator, J. G. 
Sulzer, in 174^ suggested the possibility that the position of 
the earth’s centre of gravity was affected by the variable dis- 
tribution of surface material; and Justi, in 1771, believed in 
‘‘wanderings” of the Pole. 

In 1702, the Swedish physicist Hjarne had introduced the 
method* of direct observation by having marks hewn on the 
rocks of the coast, and thus paved the way for the definite 
knowledge obtained in the case of the Scandinavian move- 
ments. Scientific opinion then wavered between two chief 
parties, the one "believing with Celsius in the lowering of the 
ocean-level; and the other and stronger party following Hatton, 
Playfair, Buch, Lyell, and others in ascribing the relative changes 
of level to upheaval of the land associated with subterranean 
volcanicity. Bischof, although he expressed in the chapter 
on “Heat” his agreement with the Huttonian Theory of 
Expansion, afterwards attributed secular movements more 
especially to alternating expansion and diminution of volume 
produced in deep-seated rocks by chemical transformations. 
Following this direction of thought, Volger, Mohr, and Vogt 
thought that the originally sedimentary rocks of Scandinavia 
had been transformed into crystalline rock, and had under- 
gone an expansion of volume durkig the process of crystallisa- 
tion. 

The French mathematician, Adh^mar, was the first scientist 
who, in seeking an explanation for crust-movement, considered 
the earth in its cosmogenetic relations. He regarded the 
influence of the earth’s internal heat as quite irrelevant to the 
climatic conditions at the earth’s surface; these he attributed 
wholly to the action of the sun’s heat, and investigated the 
varying positions of the earth relatively to the sun, with a view 
to explaining the recurrence of Ice Ages and also the associated 
periodic rise and retreat of the ocean. Research in this 
direction thirty years later was greatly advanced by James 
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CroU and T- H. Schmick. These observers also supposed that 
periodic attraction of the. ocean-water now towards one 
hemisphere, now towards the other, caused variations of chmatt 
and fluctuations of level. But if this hypothesis be correct, 
there ought to be extensive regions of depressien or elevation, 
local iiiovements in opposite senses, and especially oscillatoiy 
movements, are'e^icluded. Dana’s assumption a 'videly- 
extended movement of elevation towards the North_ ^as 

been supported by Sir Henry Howorth, whose idea is that the 
land is rising at both the Poles and contracung at the Equatoi. 

From the actual distribution of the geological formations. 
Dr. Trautschold inferred the probable conditions of the earth s 
surface during past epochs, and argued that the volume of water 
in the ocean has gradually been diminishing. As inamediate 
causes of diminution, he specified the accumulation of masses 
of snow and ice on land areas, the formation of inland seas 
and rivers, the absorption of water in consequence of the 
hydration of rock-forming minerals, and the consumption o 
water in the organic world. Dr. Trautschoid by no means 
contested movements of crust-elevation, but thought many 
cases'of so-called secular upheaval explicable by the lowering 

of the ocean-level. • . . , • 

Professor Eduard Suess introduced quite ne\v ideas into the 
discussion of secular movements. In his work on the 

origin of the Alps, he attributed the_ elevation of the Scandi- 
navian Peninsula to the upward arching of a wide fold; but in 
later works, when he entered into a full and critical treatment 
of the whole question, he came to the concluMon that theic 
were no movements of the crust in vertical senses, with the 
exception of those which are accomplished indirectly in the 
courL of crust-folding. Sugss then proposed a neutral termin- 
oloc^y to express changes of level; instead of elevation and 
“suLdence” he now speaks of “positive” movements when 
a coast-line to rise, and “negative” movements when 

it appears to sink. His first elucidation of these views in 1880 
culminated in the statement that the phenomena of so-called 
secular upheaval and depression had their origin m continuous 
changes in the liquid envelope of our globe. Suess could 
offer no explanation of those changes, which sometimes at one 
period might amass the ocean-water towards the equatorial 
zones at another withdraw it towards Polar regions. He indi- 
cated as a possibility that they might have some connection 
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with variations in the earth’s rot|tory force, and consequently 
in the length of day and night, or with any incongruity between 
the earth’s centre of gravity and the centre of form. 

Professor Penck agrees with Suess in the leading principle 
that secular variations are due, not to crust>movements, but to 
fluctuations of sea-level. He doubts, however, the possibility 
of the equilibrium between land and water l^ing distifrbed by 
general variations bf the earth’s gravity. He traces all changes 
of level in maritime tracts of land to local re-distribution of 
rock-material and consequent local alteration in the attractive 
force exerted^by the land upon the water-surface. Re-dis- 
tribution may be produced by crust-folding, by the denudation 
of adjoining continental areas by the sedimentation of organic 
and inorganic deposits on the sea-floor, and most of all, in 
Profesiior Penck’s opinion, by the piling-up of colossal masses 
of ice in particular regions. The American geologist, Mr. 
Upham, has arrived, on independent grounds, at similar 
conceptions of variation in the sea-level, although he at the 
same time believes in the actual upheaval of land areas. 

The whole question is again discussed by Suess in the 
second volume of his work, Das A^itliiz der Erde,^ This 
volume describes and compares the coast-line of the Atlantic 
and Pacific Oceans, passes in review the distribution of the 
oceans in all past geological epochs, and gives a complete 
account of all relative changes of level between land and water 
within historic time. The many sources of error and the 
insufficiency of data are noted; and the several causes which 
might have influenced the surface of the ocean are carefully 
elucidated. "'Professor Suess adheres firmly to his view that 
secular movements of elevation of land have been without 
significance in determining the grander forms of the earth’s 
surface, and take place at the pi'esent day very exceptionally, 
and only as local phenomena. He depicts a shrinking crust 
or lithosphere, which as it contracts carries with it the immense 
body of water on its surface. According to Suess, episodal 
crust-subsidences have determined the form and position of the 
ocean-basins at different epochs of the earth’s history, and 
have been accompanied by the corresponding widely-extended 
negative movements of the ocean. The existing oceans/epre- 
sent areas whose subsidence may have occurred in various ages, 
and whose boundaries are marked by lines of crust-fracture. 
Bearing in view the vast extent and the uniformity of those 
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negative movements, Professor Suess thinks it impossible to 
explain them by local ground-elevations; they must be assigned 
to physical causes of universal significance. 

In addition to the general movements of the water-surface, 
there have been oscillatory fluctuations of level limited to 
smaller districts. Local sinking of level is p/obably due to 
submarine eruptions or any increase of the deposits on the sea- 
floor; or it may beconnected with continental denildation and 
the smaller attractive power exerted on the water by adjoining 
land. Ascending movements ’have their origin probably in 
periodic and alternate heaping of the ocean-watgr at the Poles 
or at the Equator, or in local expansion of the water surface 
under the attraction of newly-formed land or ice masses. 

The tangential folding of the earth’s crust, to which Suess 
attributes the origin of mountain-systems, exerts, in his oj)imon, 
only a small and indirect influence on the sea-level The uprise 
of continents takes place only as a result of crust-inthrows 
and consequent depression of the sea-level. In the upraised 
land, as the gradients of rivers become greater, the transporta- 
tion of sediment is likewise increased ; enortflous masses of 
material gather close to the coast, and the weight of these 
depresses the sea-floor, inducing further positive movement. 
All the reported facts which might seem to countenance the 
conception of upheaval of the land are subjected by Professor 
Suess to careful criticism, and found by him to be for the 
most part untrustworthy as direct evidence of land movements. 
In so far as Suess has referred the grander secular movements 
to subsidence of the water-level associated with crust 
shrinkage, his results will commend themselves td’all students 
of crust-physics. But his work cannot be said to have 
arrived at a solution of the causes of local oscillatory 
movements. Suess himself fconcludes his discussions with 
the somewhat mystic-sounding sentence: — ‘'As Rama looks 
across the ocean of the universe, and sees its surface blend in 
the distant horizon with the dipping sky, and as he considers 
if indeed a path might be built far out into the almost 
immeasurable space, so we gaze over the ocean of the ages, 
but no sign of a shore shows itself to our view” {Das 
Antlitz der Erde^ ii. 703). 

Notwithstanding the strong arguments directed by Suess 
against secular upheaval of land areas, many geologists believe 
in an independent upward movement of certain parts of the 
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solid crust Professor Erich von Drygalski, who as an explorer 
on the Northern Coast and in P^ar regions is no less distin- 
guished as a mathematical physicist than as a geologist and 
geographer, holds the opinion that phenomena of upheaval and 
subsidence can be produced by alternating decrease and increase 
of the temperattire at the earth’s surface. Professor Bruckner, 
the chief Swiss authority on fluctuations of level, does not agree 
with Mordenankar*' and Suess that the posjti^e movement of 
Scandinavia may be explained by the gradual depression of 
the Baltic Sea. On the German coasts of the Baltic, where 
the variations jf the water-level, as in the case of inland seas, 
depend upon the amount of rainfall and the volume of 
inflowing river- water, the oscillations leave horizontal lines. 
But on the Swedish coasts the former coast-lines do not run 
horizontally, they slope obliquely upward, thus affording 
evidence, in Bruckner’s opinion, that the movement had been 
an unequal crust-movement. Several geologists who have more 
recently examined the Swedish coasts, Leonhard Holmstrom 
(1888), Sieger (1893), and Kayser (1893), arrived at the same 
result and supported the view of continental oscillations. 

Penck has modified his previous opinion and now accepts 
independent crust-movement as a concomitant factor in 
elevating or depressing a coast-line. Bruckner goes farther, he 
argues that all the present littoral displacements, which are 
not directly associated with volcanic activity at the surface, 
are explicable only if we accept crust-movement as an essential 
condition. 

H. Older^ Dislocations in the Earth's Crust — Tectonic 
Structure and Origin of the Continents and Moimtam- Chains . — 
The terrestrial movements and changes which have been 
observed within historic times gjve us but a faint indication 
of similar phenomena in earlier periods of the earth’s history. 
On studying the dislocations which occurred in past geological 
epochs, we arrive at a clearer conception of consummated 
movements and their effects, we perceive how ancient 
strand displacements have culminated in the complete 
submersion of islands and continents, or in their emergence, 
and how mountain-systems have arisen in the neighbourhood 
of ancient zones of crust-disturbance and weakness. 

With the exception of the observations of Steno, which 
were far in advance of his time {aiite^ p. 26), the scientific 
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and methodical investigation of the earth’s crust may be said 
to have begun towards the end of the eighteenth century. 
The careful sections of the Thuringian district prepared by 
Lehmann and Fiichsel initiated a new direction in crust- 
physics, and fore-shadowed the special work ^undertaken by 
stratigraphical research in the present day, — to find out the 
actual distribution of the rocks in the ground so far as they 
are at present exposed to view, and if they do not occur in 
undisturbed horizontal succession, to determine what dis- 
placements they have suffereef, and reconstruct as nearly as 
possible a true mental picture of the sequencer of events, the 
original distribution of the various sediments in time and 
place, the subsequent movements secular or paroxysmal, and 
the character of the resultant deformation of rock-particles 
and rock-masses. * 

Werner and his scholars contributed to field research many 
of its precise terms and methods. They examined the rocks 
with respect to strike and dip; alternations of strata; mutual 
stratigraphical relations in vertical and horizontal directions; 
the displacements effected along fault-lines; upheaval, curva- 
ture, l^ending and folding of rocks. The terminology which 
they applied very often betrays the close connection which 
existed between the mining industry and the beginnings of 
stratigraphy. The mines, the minerals, and any evidences of 
rock -displacement discovered during the mining operations 
were the sources of knowledge from which Werner taught, and 
as his scholars gradually extended their field of vision, and the 
glance of a Humboldt or a Leopold von Buch became world- 
wide, the early impressions and familiar terms of student days 
were grafted into the more ambitious conceptions and general- 
isations with which such men enriched the systematic study of 
the earth’s crust. Many minmg terms have thus been adopted 
into geological literature, although the original significance has 
been in some cases considerably modified. 

Pallas and De Saussure gave the first’ more exact accounts of 
the structure of mountain-systems, and early in the nineteenth 
century important advances were made by the investigations of 
Ebel, Studer, Escher, Elie de Beaumont, and others in the 
Alps, .those of Voigt and Heim in the Thuringian Forest, of 
Merian and Thurmann in the Swiss* Jura Chain, of De la 
Beche in Cornwall and Devonshire, of Sedgwick and Murchison 
in Wales, and of the brothers Rogers in Pennsylvania. The 
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conceptions of geologists regardin^the structure of mountain- 
systems altered as their knowledge of stratigraphy increased ; 
the stages of progress may be judged by a comparison of the 
text-books of geology published in the successive decades of 
the nineteenth c<intury. 

The text-books of the Wernerian School were mostly 
ignorant of the complicated structure of moiintain-systems ; 
inclined strata were assumed to have originated in the inclined 
position. Their teaching on structure was based exclu- 
sively upon observations in plains, hill districts, and mines. 
Geological sections ^ of mountains and plains appear in the 
work of Conybeare and Phillips, and an ideal section of 
the earth’s crust in Buckland’s Text-book of Geology 
became the model for a number of similar attempts. Lyell’s 
Principles and Eiefnents of Geology^ like the majority of the 
text-books in the first half of the nineteenth century, treated 
the structural relations of the earth’s crust somewhat meagrely. 
Naumann, in his Lehrhuch der Geognosie was the 

first author who devoted a special chapter to Geo-Tectonics,” 
and he comprised in it practically everything which had been 
established in this domain of geology. • 

As the interest in tectonical relations developed, the 
questions of the earth’s configuration began to be studied 
from a more intelligent standpoint. Previous centuries had 
offered only speculative literary matter on this subject. Steno 
certainly had as early as 1669 appreciated the fundamental 
doctrines of configuration ; upon the basis of his own re- 
searches in Tuscany, he had explained the forms of mountains 
and valleys as the results partly of crust compression and 
fracture, partly of the upheaval of stratified deposits, partly 
of the accumulation of volcanic material. Descartes, Leib- 
nitz, and Buffon attributed the origin of ocean-basins, con- 
tinents, and mountain-systems to fracture and wrinkling of 
the solid crust, and to withdrawal of the surface waters into 
subterranean cavities. Hooke, Vallisnieri, Lazzaro Moro, 
Needham, and others thought volcanic forces had upheaved 
the continents and mountain-systems. 

Inthrows, subsidences, wrinkling of the crust in virtue of 
the earth’s contraction, and upheaval by subterranean forces 
have long been recognised as the principal factors in 
determining surface conformation, and re-appear in modern 
theories with various modifications and applications. 
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The founder of the newer theories of upheaval was without 
doubt James Hutton, the^ Scottish geologist. According to 
Hutton, the earth’s internal heat caused the rocks to expand 
and to find relief by bulging upward; thus portions of the 
earth’s surface rose above sea-level and formed continents and 
mountains ; volcanoes provided a means of exit for the hot 
vapours and molten masses of rocks, and prevented the 
excessive expansion and upheaval of' the ‘earth’s crust. 
Although Hutton’s theory of expansion and elevation was at 
first little considered, a numfber of observers like Fichtel and 
Pallas arrived at similar conclusions from ^.independent re- 
searches, while De la Beche, Babbage, Lyell, and Poulett-Scrope 
accepted the theory and extended it in various directions. 

Leopold von Buch was an enthusiastic supporter of the 
Huttonian theory. In the year 1812, J. L. IJ^eim had 
assigned to basalt an important role in the elevation of 
mountain-chains. Von Buch ten years later, after his studies 
in South Tyrol, became convinced that the dolomite was an 
altered limestone, the transformation having been effected by 
the action of volcanic magnesian vapours during the protrusion 
of augite porphyry. From the stratigraphical relations of the 
sedimentary rocks and their association wnth the augite 
porphyry, Buch developed his well-known theory that the 
whole Alpine system followed the direction of an enormous 
fault, through which augite porphyry had locally escaped at 
the surface, and had elevated, tilted, and folded the 
neighbouring rocks. The results obtained in South Tyrol 
were then applied to Thuringia and the Harz, and finally the 
hypothesis was expressed that all mountain-cHains had been 
upheaved by augite porphyry. 

The disciples of Buch found in the theory of eruptivity 
and consequent disturbance of strata a complete explanation 
of all possible complications of crust-deformation, and for a 
time the upheaval of mountains was ranked as a volcanic 
phenomenon. Poulett-Scrope in 1825, in his work ( 9 ;^ Vol- 
canoes^ supported Hutton’s Plutonic doctrine, and entered into 
an elaborate investigation of the ascent of intrusive granite and 
porphyritic masses in relation to the tectonical effects produced 
upon the different kinds of rock-strata which might happen to 
be in the neighbourhood. 

A Swiss geologist of note who shared Buch’s views on 
mountain-upheaval was Bernhardt Studer; he explained the 
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granitic and gndssose masses of rock in the highest chain of 
the Alps the chief “centres o^elevation” during Alpine 
upheaval, and applied to them the distinctive name of Central 
Jfasswes. 

Some remarks of Buch about the direction of the mountain- 
systems in Germany were destined to bear greater fruits than 
that thinker at the time realised. His paper t^e 
Geognostic Sy^ems of Germany^ published in ^824, noted that 
four systems of strike had to be distinguished, the Netherlands 
or North-West system, the North-East system, the Rhine or 
North-South system, and the Alpine or East -West system. 
This observation of Buch gave the impulse to the works of a 
gifted French geologist. 

Elie de Beaumont^ belonged to the most enthusiastic ad- 
herents oj^ the Volcanist doctrines. Many years of geological 
surveying in the Vosges and Ardennes mountains, in the 
mountains of Provence, in the Dauphind and at Mont Blanc, 
had shaped in his mind new ideas aloout the origin of the 
mountains, and in 1829 he made these known in the Annates 
of the French Ac*ademy. Mountain-structure is discussed in 

^ L<^once Elie de Beaumont, horn on the 25th September 179?, at 
Canon (Dep. Calvados), belonged to a noble family of Normandy. His 
preparatory studies were conducted in the Henri IV. Seminary in Paris, 
and after a brilliant course in the I^olytechnic School in Paris, he entered 
the School of Mines in 1819, to devote himself to Mineralogy. Here he 
attracted the attention of the Professor of Geology, Brochant de Villiers, and 
together with his fellow-student Dufrenoy accompanied the Professor in 
1822 to Great Britain, in order to become acquainted with the mines in 
that country and to get insight into the British methods of geological sur- 
veying. Elie de jBeaumont and Dufrenoy then set to work in 1825 to 
prepare a geological map of France. At first they worked under the 
direction of Brochant de Villiers, afterwards they continued independently, 
and in eighteen years the map was completed. Its publication exerted a 
powerful influence on the whole developnient of geology in France, and 
secured for the two authors a, distinguished place amongst their scientific 
contemporaries. In 1827, Elie de Beaumont was elected Professor of 
Geology in the School of Mines, and in 1835 he succeeded his patron, 
Brochant de Villiers, as General Inspector of Mines. He held in addition 
several high governmental offices, and used his influential position invariably 
for the good, of his colleagues. After the conclusion of the general geo- 
logical survey of P'rance, Elie de Beaumont directed the special geological 
survey until his death on the 21st September 1874. The geological fame 
of Elie de Beaumont rests on his admirable field-work and his writings con- 
cerning the age and origin of mountain-systems. An account of his life and 
his contributions to science was published by Sainte-Claire Deville at Paris 
in 1878. 
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a short passage towards^ the close of this treatise. Brief 
although they are, the remarks on the influence of the slow 
cooling of the earth on surface conformation and the origin of 
furrows and fissures, are at once recognised by a reader of the 
present day as the starting-point of our modern views on 
mountain-structure. Favourable reviews by Brongniart and 
Arago helped to spread the fame of the young geologist, and 
to win rapid recagnition for his work. 

It was not until 1852 that Elie de Beaumont discussed the 
details in full, and gave expression to his conceptions in his 
three-volume work On Moimtain-sy stems. points out that 

in virtue of the continued cooling of our planet the radius is 
shortened and the crust is affected by a general centripetal 
movement. Delesse had calculated i, 340 metres as the amount 
by which the earth’s radius had already been shortened; in 
other words, the earth’s crust in the course of the geological 
epochs had approached the earth’s centre by a distance about 
equal to the height of Chimborazo or the Himalayas above 
sea-level. As the more rigid crust tried to subside and accom- 
modate itself to the contracting molten mass of the nucleus, 
inequalities and excrescences formed ; or if the tension became 
too great a sudden rupture of the crust ensued, and the lateral 
compression gave origin to mountain-folding. The rock-masses 
in seeking relief from the crust-strains were pressed upward, 
and might under certain circumstances pierce the surface as 
a finger might pass through a button-hole. This, in Elie de 
Beaumont’s opinion, was the explanation of the fact that granite 
masses so often form the summits and ridges of mountain- 
chains, whose flanks consist of uplifted sedimentary rocks. 
The latter, he said, were covered towards the base of the 
mountain for the most part by gently-inclined or horizontal 
strata, which spread ova: the neighbouring plains. The 
inclined strata often strike sharply against the horizontal 
layers, any marked contrast in the position of the neighbour- 
ing series of deposits indicating that after the deposition 
of the uplifted strata, and the deposition of the undis- 

turbed series, a convulsion of the earth’s crust had taken 
place in that region and had culminated in the uplift of the 
mguntain-chain. The exact geological period of the crust- 
paroxysm could be determined from a comparison of the ages 
of the inclined strata and the horizontal layers reposing upon 
them. 
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According to Elie de Beaumont^ the ages of the mountain- 
systems as a rule correspond with the limits of geological 
formations, and therefore' also with the ‘^revolutions^’ indi- 
cated by Cuvier in the development of organic creation. The 
mountain-systems might in his opinion be regarded as chrono- 
logical documents bearing witness to the paroxysmal stages in 
the physical bi story pf the earth’s crust. He Uien attenipted 
to ascertain after this method the ages •of the various 
mountain-systems in Europe, depriving his facts partly from 
his own observations, partly from literature. 

While engaged on this inquiry, Elie de Beaumont became 
greatly impressed with the parallelism of the strike in the 
several component elements of a mountain-system. He 
remembered a saying of Werner’s, that mineral veins with 
parallel Strike afford evidence of the simultaneous origin of 
the vein fissures, and he applied this principle to mountain- 
systems, endeavouring to prove in the most detailed manner 
that mountain-systems or ranges with parallel strike were of 
simultaneous origin. The spherical form of the earth made it, 
however, difficult to determine the parallelism of mountain- 
systems far remote from one another, since in such case% the 
same term of geographical orientation would be used to 
describe directions which were not by any means parallel. 
Elie de Beaumont met this difficulty by treating the mountain- 
systems as tangents of earth-circles and arguing from the 
parallelism of the tangents. He regarded as parallel all 
mountain-systems which crossed the meridian at a like angle. 

With the principle of parallelism, Elie de Beaumont left 
the sure ground of inductive reasoning and entered into 
speculative matter, which unfortunately he continued to discuss 
during the remainder of his life. In his description of the 
mountains of Europe, published ill 1852, they are represented 
as tangents of twenty-one circles, and from the inclination of 
these circles to one another Elie de Beaumont deduced a 
general geometrical law of orientation for the mountains of the 
earth. He also constructed a “pentagonal net-work” of the 
fifteen largest circles which corresponded to the corners of a 
regular isogon in the centre of the earth, and made it the 
fundamental basis of his elaborate scheme of the earth’s 
mountain-systems. But the famous “ Roseau pentagonal ” never 
received general recognition, although it was much discussed 
for a time by the personal adherents of dfelie de Beaumont. 
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Several geologists, for example Studer and Hoffmann, who 
agreed with De Beaumont’s fundamental ideas of upheaval by 
volcanic force, and his stratigraphical method of determining 
the age of mountain-systems, discredited his views regarding 
the simultaneous upheaval of parallel mountain-chains, as well 
as his assumption of sudden paroxysmal uplifts. They 
showed that <he Alps, the Harz mountains, -and the Erz 
mountains had^ suffered from repeated crust-movements. 
Still others, Constant Prd^^ost, Ami Boue, Conybeare, and 
Charles Lyell, were in openly avowed opposition to Elie de 
Beaumont’s doctrines from the first. 

Professor Thurmann in Porrentruy made a series of valuable 
observations on mountain-making processes. This observer, 
who devoted his life to the study of the Swiss Jura mountains, 
elucidated their structure and composition with masterly skill 
and breadth of conception. The arched forms, so conspicuous 
a feature of the Jura Chain, were explained by Thurmann as 
crust-uplifts due to vertically-acting subterranean forces, and 
he quoted several examples to show how --these forces may 
sometimes raise portions of the crust, and sometimes give 
origin to faults along which the uplifted chains are disjointed, 
and the several portions move apart. 

Thurmann called the unbroken uplifted chains “arches,” 
and distinguished as “ combes ” the crust-inthrows faulted into 
the middle of the arches j a “combe” wholly surrounded by 
faults was termed by Thurmann a “ cirque.” While he used 
the term “fold” for the crust-arches themselves, he applied 
that of “ val ” for the syncline or trough between neighbouring 
arches. He also gave distinctive names to mountain-valleys — 
the longitudinal deep ravines at the outer flanks of the chains 
he termed “ ruzs,” and the transverse valleys cutting through 
several chains “cluses.” '' 

The earlier treatises of Thurmann in 1830 and 1836 discuss 
the orographical features chiefly in relation to the original 
fold-forms of the Jura system and to general principles of 
mountain-folding and structures. His complete tectonical 
results regarding the causes and phenomena of relative crust- 
displacements were not published until 1856, a year after his 
death, at the age of fifty-one, from cholera. In these later 
papers Thurmann recognised the existence of one hundred 
and sixty incipient chains in the Jura mountains, only thirty 
of which could be regarded as of primary importance. He 
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said they were separated from one another by somewhat 
crooked fault-lines which ran in approximately parallel 
directions, or diverged at various angles of bifurcation from a 
main chain. In the case of the principal chains, the highest 
fault-blocks were* those on the western side of fault-lines, and 
the mountain-curves were convex towards the west. Speaking 
generally, Thdirmann distinguished in the Jum mountains a 
zone of the highest chains, a central zone* of uplift, and a 
slightly-folded plateau zone. Fr^m the whole structure of the 
Jura, he finally concluded, in opposition to his earlier views, 
that the chains *had not taken origin as vertical uplifts, but 
that lateral forces had acted from the Swiss side and had 
compressed the strata along parallel folds. 

One of Thurmann’s chief tenets was the long continuation 
of the plastic state in sedimentary deposits. He held that 
sediments remained plastic long after their deposition and 
during the processes of mountain-formation, and he therefore 
differentiated sharply between faulting, bending, crushing, 
and shearing movements effected while the sediments were 
still fairly plastic, and movements of adjustment accomplished 
after the mountains had been formed. He contested^ the 
hypothesis that rock already consolidated was reduced to a 
molten or plastic condition by the processes of mountain- 
making. 

While Elie de Beaumont and Thurmann were building up 
their theories of mountain-upheaval upon field observations, 
the English physicist, Hopkins, was trying to solve the 
problem upon* theoretical grounds, and one of his doctrines 
is specially worthy of note. From his consideration of the 
pressures exerted by explosive gases, vapours, and other 
subterranean forces upon the crust, he concluded that in 
almost all cases of crust-fracture 1:wo systems of faults must 
take origin at right angles to each other,' and must then be 
fundamental directive lines during the formation of continents 
and mountain-systems. 

Constant Prevost, in his report on the Island Julia 
(a 7 it€^ p. 264), contested the theory of Elevation-Craters, and 
in opposition to felie de Beaumont regarded the origin of 
mountain-systems and Gontinents only as results of glow 
sagging of the crust, or of occasional inthrows when one side 
of the fissure was pressed outward and the rock-material was 
stemmed against it. Much later, similar ideas were enter- 
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tained by Professor Chaises Lory, by Ebray and Hainan. 
I rofessor iMvre also dissented from the supposed vertical 
uplilt of the Alps. In 1867, n, now classic description of 
the geology of IMoimt Blanc, he ascribed the complex fan- 
shaped arrangement of the rocks in that mountain to the 
action of strong lateral pressure. 

Inf|wrtant aiiditions to the knowledge of mountain-struc- 
ture were mearnime being made by the North American 
Geological Survey. In 1842, at a Congress of British and 
American Scientists, id. D. I^ogers had expressed his views on 
the stratigraphical composition, the tectonical felations, and the 
mode of origin of the Appalachian mountains. The one-sided 
asymmetric arrangement of the folds in the Alleghanies, the 
absence of any central axis consisting of crystalline eruptive 
rocks, the fact that the whole mountain-system was composed 
of numerous parallel folds, most of them curved in form, 
could not in Rogers’s opinion be brought into harmony 
\yith the theories of mountain-upheaval which were at that 
time current in Europe. He argued against the conception 
that ascending eruptive masses uplifted superincumbent rock- 


^ James Dwight Dana, born on the 12th February 1813 at Utica in 
: , - New York' State, entered Yale University in 1833 and made a journey to 
Europe during his college course. In 1838 he was selected as geologist 
and mineralogist for the Wilkes Exploring Expedition, and during the 
_ four years’ voyage became acquainted with the coasts of South America 
h" and the Pacific Ocean. Dana, was shipwrecked off the coast of Oregon 
hut fortunately succeeded, in reaching San Francisco and sailed once more 
by the Sandwich Isles, Singapore, and St. tielena to New York 
, Thirteen years were then devoted to the examination and description of 
: ' his geological and zoological collections. His reports on the geology of 
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pression to the theory of horizontalp compression in explanation 
of the origin of mountains. The early papers by Dana upon 
crust-movements were published in the American Journal of 
Science in the years 1846 and 1847. In them Dana boldly 
contested the possibility of continents and mountains being 
raised by the expansive force of subterranean vapours and the 
ascent of rock-magma; and he also dissented from the 
gravitation tTieory of his compatriot, James Hall (1859), 
according to which the gradual accumulation of sedimentary 
masses in areas of subsidence must, on account of the altered 
equilibrium, giv» rise to folding and fracture of the crust, and 
consequently to mountain-chains. Hall’s idea was to a great 
extent a modification of previous suggestions by Babbage and 
Herschel, but these investigators had attributed the subse- 
quent upiift of thick deposits in areas of subsidence to the 
expansion of the sediments on account of the high temperature 
in their deeper horizons. 

In common with Descartes, De la Beche, Cordier, Dlie de 
Beaumont, and , others, Dana considered the fundamental 
cause of crust - deformation to be the slow cooling and 
contraction of the earth’s nucleus. But he made a c-ioser 
geological investigation than any previous observer of the 
.{ 'imprecise ” mode of action displayed by the contracting 

Dana assumed that the orographical limits of continents 
'"'^nd mountain-chains were determined by certain pre-existing 
lines of minimum resistance (cleavage-lines) associated with 
inequalities of thickness and temperature in the earth’s crust. 
He then argued that as the primitive earth cooled, the first 
crust-blocks that consolidated formed continents, and the 
pressure caused by shrinkage was most intense at the 
continental margins. There the '^greatest mountain-systems 
developed, and as a rule the height of a marginal mountain 

as well as his comprehensive works on Zoophytes and Crustaceans, are 
amongst the finest productions in the literature of scientific travel. Dana 
was a Professor at Yale University from 185010 1894, and died on the 14th 
April 1895. lie was distinguished as a zoologist, geologist, and mineral- 
ogist ; his high merits were recognised in England by the award of the 
Wollaston and Copley medals. His Text-hook of Geology^ published in 
1863, has since passed through several editions, and has had a marked 
influence on geological thought and ' progress. Over a hundred papers 
by Dana have appeared in the American Journal of Science^ and they 
treat almost every subject of general geological interest. 
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ran-e corresponded to th^ depth of a crust-hollow on the 
npialibourinc portion of the ocean-floor. 

T is orehminary hypothesis is clearly open o question, 

but rmore imporLnt feature is Dana’s assumption tha the 
centrbetal movement of the crust, as it endeavours o shrink 
Se with the nucleus, is transmuted into tangential tension 
comparable with the strains that would be set up m the case 
of a fS? arch.^ In Dana’s opinion the horizontal pressure 
cmpmienl thus originated fold the crust into arched ridges 
andrtough-like hollows. Dana called the latter geo-pnclmds, 
the Ser ^e-anticlinals ; and he applied the qualifying term 
“ mono^-enetic” to mountain-systems which owe their origin 
to a S arch or ge-anticlinal such as the Uinta mountains 
of Wyomng and Utah. On account of f ® 

and Lsures, monogenetic crests are rapidly lowered by t 

“"r' 

arise according to Dana, within geo-synclina s where iminense 
masserof setoent have collected. As the older rock-honzon 
become mantled by ever-increasing 

ab 07 e, and the subsidence continues the deeper ^strata are 
weakened by heat and pressure and readily tear asunder. 
S brokei/fragments yield to horizo^ p^ 
crushed into a narrower space against the lines O' tear ng, 

are folded and thereby uplifted. ‘t^gj^jence a 

evdf-pm elevated from a synclinal area of subsiaence 
“^svnclinorium.” The deeper geo-synclinals of past geological 
epochs have been as a rule next the continents, and the new 
mountains originated there slowly, the movements occuM 
vast geological ages; after their emergence they were incor 
nnratpd With the main continental masses. - ■ . 

^ Dana then discussed tRe conditions under which '’O^^anic 
rocks mi<rht take a dominant part m the building up of 

Sointahvehatos. The «>rlb;s crust. J J'" 

hv the continued progress of cooling, and the rocks Decamc 
more and more distant owing to the mechanical and 
chemical metamorphoses ■which they experienced in m i ^ . 
The orocess of mountain-making was consequently made mo 

Id SoS difficult in the oldc? areas “ 

the tangential strain never relaxed, it might effect an p _ 

pr s^™ o” the crust, culminating in ruptur^ 

the escape of volcanic rock at the surface. Hence the 
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youngest mountain-chains were tpre-eminent for the large 
participation of volcanic rock in their composition, more 
especially along marginal fault-lines. 

. Dana’s views on mountain-building were based chiefly on 
the Appalachia^ Rocky Mountains, and were well adapted to 
the geological relations in North America. They, were 
therefore wic|ely accepted in that country. Many of the ideas 
were criticised by his compatriots, and th% healthy interest 
awakened in the subject reacjed favourably upon Dana’s 
concept, as it enabled the author to revise and improve certain 
portions. Joseph le Conte was the most brilliant of Dana’s 
helpers in working out the evidences of horizontal components 
of pressure in mountain-folding; Dana so frequently cited Le 
Conte in his later publications that it is difficult to define the 
individual merits of the two geologists. 

To the North American geologists undoubtedly belongs 
the credit of founding the theory of horizontally-acting forces 
and rock-folding upon an ample basis of observation. 

Shaler distinguished between the uprise of continents and 
that of mountain-systems. Both were explicable upon the basis 
of the earth’s contraction ; but whereas the continents had ttiken 
origin from furrows which affected the whole thickness of the 
earth’s crust, the mountains only represent foldings in the 
external parts of the crust which have served to relieve the 
lateral pressures produced by the contraction of the deeper 
horizons. 

The method of research followed by Professor Suess marks 
the beginning of a new epoch in the questions of crust- 
deformation. Two aspects appealed strongly to Professor 
Suess, the tectonical problems presented by individual 
mountain-chains, and the relation of all the mountain-systems 
on the surface of the earth to the physical changes in progress 
since the beginning of the earth’s history. Since Elie de 
Beaumont’s misguided effort, no geologist had attacked the 
question from its universal aspect, and the supreme scientific 
success attained by the first volume of Das Antlitz der Erde^ or 
The Face of the Earthy by Professor Suess, was a tribute to a 
work accomplished with the highest bibliographical skill and 
literary finish, the fullest geological and geograpMcal 
knowledge, a convincing array of scientific facts that never 
fail to suggest an endless reserve in the background, and 
above all a calm, judicial, elevated tone of inquiry which the 
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end of the nineteenth century may well feel proud to have 
witnessed, and carried with it into its boasted wealth of 
scientific enlightenment. 

His earlier geological papers on special areas show Professor 
Suess only as the ardent field-surveyor, the lo'wer of mountains, 
the laborious student compiling results from his own note- 
books. But the little book entitled Die Eiitstehung der 
Alpen^ or The Ongin of the A/ps, which was published in 
1875, already betrayed the. dawn of new thoughts, full of 
freshness and interest. Professor Suess in that work contested 
the upheaval of mountains and continents "by forces acting 
vertically upward;^ he refuted the active participation of erup- 
tive rocks in the origin of mountain-chains, and after a brilliant 
description of the most important mountain-systems of the 
earth, he demonstrated that any arrangement of tho^e accord- 
ing to geometrical laws was altogether illusory. The difficult 
problems of crust-displacements were, he said, so intimately 
associated with the question of the age and origin of 
mountains that the latter could not possibly be solved by 
any mathematical deduction or general rule obtained from 
leading-lines of strike and distribution, but demanded an 
accurate knowledge of tectonical structure in each case. 

A more detailed examination of the Alpine system^ led 
Suess to the conclusion that the structure of this mountain - 
system was not symmetrical, as had previously been supposed, 
but was, on the contrary, essentially one-sided. The steep 
descent of the western Alps towards the plains of Piedmont 
and Lombardy indicated a curved fault-line, and the Alpine 
rocks had been folded together under the influence of a 
tangential force acting in north-west, north, and north-east 
directions from the leading crust-rupture. It had been cus- 
tomary to regard the zones of rock-formations on the south 
side of the eastern Alps as folded masses that had been 
pushed aside during the upheaval of the central chain, but 
Suess contested this, saying these zones represented an 
independent chain which had been pressed against the 
Alps by a horizontal force acting towards the north-west. 
Pie pointed out that farther east still another chain, the 

^ This name was applied by Suess in wider sense to include the Alps 
proper, the folded Jura mountains, the Carpathians, the Hungarian moun- 
tains, the Dinaric ranges along the eastern shores of the Adriatic Sea, and 
the Apennines. 
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Hungarian mountains, was introduced between the central 
Alps and the southern zones. Professor Suess then demon- 
strated a similar unilateral structure for the Balkan, Caucasus, 
and Ararat mountains, and in all cases the action of the 
tangential forces had been from south to north. 

Hence a surprising similarity was demonstrated between the 
mountains of Europe and those in North America whicli had 
been described by Rogers and Dana, a»nd the theory of 
lateral compression so widely accepted by American geologists 
seemed applicable to European mountain-chains with but few 
modifications. -^Elje de Beaumont’s method of determining 
the ages of the mountain-chains was clearly unsuitable 
upon this new conception of their structure. According to 
Professor Suess, the tectonical disturbances which gave form to 
the present Alpine system had begun in the Mesozoic period, 
and had continued not only to the close of the Miocene time, but 
(at least on the southern slopes) into the Pliocene and possibly 
even the Diluvial Age. In considering the actual lines of 
deformation, Suess pointed out that allowance must be made 
for the retaining influences exerted by neighbouring immovable 
mountain-blocks, by ancient intruded and interbedded volcanic 
rocks, and by the resistance of the rock-folds themselves. 

A study of the older mountain-masses (afterwards called 
“Horsts” by Suess) limiting the Alps on the west and north, 
showed that the same direction of force which had folded the 
Alps had also determined the structure of the Riesen moun- 
tains, the Sudeten mountains, the Bohemian forest, the Harz, 
the Ardennes, etc., and that this Central European mountain- 
system of high geological antiquity had, like the later Alpine 
system, been compressed by horizontal forces acting towards 
the north-west, north, or north-east Although in Europe as 
in North America, the dominatiitg direction of pressure had 
come from the south, there were also evidences of compres- 
sion towards the south. Val Sugana in the southern Alps, 
Istria, Dalmatia and the Karst, the Ifer mountains, and 
the Teutoburg forest were mentioned as types of southward 
compression. Yet so prevalent was the northern direction 
of movement over vast regions between the Caspian Sea and 
the American shores of the Pacific Ocean, that one ipight 
feel tempted to deduce a general streaming of rock-material 
towards the North Pole throughout the whole Northern 
Hemisphere. But several facts contradicted such a con- 
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elusion. On the eastern boundary of the aforesaid region a 
number of disturbances were apparent, which were frequently 
associated with volcanic phenomena, and had caused the 
tremendous north-south fault of the Red Sea and the 
Jordan valley, also influencing the direction of strike of 
the Ural mountains and the western Ghats. East of this 
transversal line*of disturbance, the leading Asiatic mountains 
had not in Europe the convex side of the strike-curves towards 
the north, but the convexities were towards the south. 

A comparison of the Himalayas with the Alps showed- a 
remarkable agreement between the two distant mountain- 
systems; Mesozoic, Palaeozoic, and Crystalline rocks com- 
posed the high mountain-lands of both systems, yet there 
was the fundamental difference that the Tertiary rocks 
in the southern foreground of the Himalayas^ corre- 
sponded with those in the northern Molasse Zone of the 
Alps. Medlicott had already concluded from the general 
structure of the Himalayas that the chain had taken origin 
as the result of lateral compression from the ©orth, and Suess 
tried to demonstrate a similar direction of movement, to the 
soutlit or south-east, in other systems of Central Asia. 

Suess agreed with Dana^s opinion that the sedimentary rocks 
of the Euro-Asiatic systems had accumulated in pelagic geo- 
synclinals ; and he brought the frequent gaps and uncon- 
formities in the succession of strata carefully into relation with 
former oscillations in the extent of the ocean. Suess described 
in greater detail the transgression of the Cenomanian Ocean 
which spread over a considerable part of Europe, North and 
South America, and northern Africa, and drew from it the 
conclusion that stratigraphical evidences of transgressions 
and withdrawals of the waters of the ocean were even more 
valuable as a means of determining the approximate eras of 
certain events in the Earth^s history than the discovery of the 
relative ages of mountain-systems. 

In the concluding chapter of this work on the origin of the 
Alps, Professor Suess summarised his results as follows 
the strikes of mountain-chains do not always run parallel with 
the greater circles of the earth, but may be diverted by various 
obstacles; the major fold-systems of mountains take origin 
frequently, if not exclusively, in geo-synclinals and demand 
enormous periods for their development. Volcanoes play a 
subordinate part in the formation of mountains. Most 
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mountain-systems have unilateral^ structure, and there has 
been in North America, Europe, and North Africa a general 
movement of rock-masses towards the north, in Asia towards 
the south. 

Suess then enunciated certain principles of mountain- 
building. The simplest type of a mountain-system is that 
which begins with the occurrence of a rupture or fault rec- 
tangular to the direction of contraction, the severed crust-block 
then moving onward in the direction of the contraction (ex- 
ample, Erz mountains). The second and'^most frequent type 
is that which begins with the disposition of a principal fold 
striking transversely across the contraction and inclined in the 
direction of the contraction, a fissure then forming in the fold 
at the line of maximum tension. The front part of the fold 
moves m the direction of the contraction and pushes the 
sedimentary rocks before it into further foldings, the other 
part of the fold sinks, and volcanic rocks escape at the line 
of fragmentation and subsidence (example, Apennines and 
Carpathians). In a third type of mountainbuilding, several 
parallel folds arise, occupying a greater surface breadth, and 
usually ending on the inner side of the innermost fold-»with 
a steep crust-fracture (example, folded Jura mountains, 
Ardennes, Taunus, Appalachians). It depends on the inten- 
sity and direction of the folding-force, on the nature of the 
resistance, and on the greater or smaller brittleness of the 
varieties of rock, whether the secondary folds are preserved 
or if they are deformed and pass into faults whose planes are 
inclined inward to the mountains and serve as planes of 
overthrusting. In extensive regions the contracting force 
seems to have had the same direction during successive geo- 
logical epochs. 

Suess agreed with Shaler that the continents represent 
contractions of the whole earth’s crust, whereas the mountain- 
systems are to be regarded merely as foldings of the more 
superficial layers of the crust. In addition to the folded 
mountainous portions of the earth’s crust, Suess emphasised 
the presence of resisting crust-areas which, like Bohemia, are 
composed of old mountain-masses piled against or across one 
another like pack-ice, or like the vast Russian block consist of 
undisturbed horizontal strata. Such unyielding areas of the 
crust are frequently characterised by considerable gaps in the 
sedimentary series. Their geographical distribution decides the 
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form and the course of th^ folds into which the intervening 
more yielding portions of the earth’s surface have been thrown 
by the tangential strains of contraction. While the first cause 
of mountain-making is the secular cooling of the crust, the 
precise form of a mountain-chain is subject t^ the modifying 
conditions introduced by these ancient and resistant crust- 
blocks" or ‘‘arcbjboles.” 

The above arer some of the leading conceptions in the 
remarkable work on mountain-structure published by Suess 
in 1875, its great influence may be judged from the flood 
of literature upon this subject which has poifred forth since 
that year. It is impossible to refer here to more than the 
most important of these publications. 

After a long series of researches in a complicated district of 
Switzerland, Professor Heim, in Zurich, published i^in 1878 
his famous work, Unfersuchungen ilher de?i Mechanismus der 
Geinrgsbildung, The two geological maps and fifteen illus- 
trative plates accompanying the text were lithographed by the 
author himself. The scientific insight an 4 . technical skill 
possessed by Professor Heim form a rare combination, and 
haveiirought his views on mountain-structure wide popularity 
and acceptance. 

ITeim concentrated his attention on the tectonical pheno- 
mena of folding. He depicted in the ‘‘Glarus Double-Fold ” 
an appearance which seemed contradictory to any doctrine of 
mountain-movement, since on the north side of the central 
Alps, where, according either to the conception of symmetry or 
asymmetry of the chain the folds should have been towards 
the north, Heim’s observations showed that the major folds on 
the north and south of the Glarus area had been overthrown 
towards one another, and the upper portions had continued to 
travel as “thrust-masses ” advancing from opposite directions 
towards one another. This was clearly inexplicable on the 
assumption of a uniform direction of the horizontal movement 
of the crust, and Heim concluded that the inclination of over- 
cast folds depended upon local inequalities of resistance, upon 
the presence of older folds as well as upon the relative height 
of the tw^o bases of origin on the opposite sides of any individual 
fold.^ The second volume of Heim’s work treats the general 
problem of Mountain Architecture. Using his own field 
observations as the ground-work of his discussion, he describes 
the phenomena of rock-deformation during crust-movement 
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uncier several headings : — curvature, plication, crush, shear, 
cleavage, distortion of rock-material and of fossils. He 
opposes Thurmann’s idea that the rocks are primarily 
plastic and remain so during the mountain-movements, and 
assumes that the rocks of our mountain-chains have been first 
consolidated and afterwards altered during the crust-niovements; 
the alteration might be accompanied by fissures and fafllts or 
might take place without any fracture, botii modes of trans- 
formation being quite independent of the physical and chemical 
constitution of the rocks. Alteration without fracture only 
occurred at great depths, and was most frequent in the older 
rocks. According to Heim, the essential conditions for such 
alteration are the presence of a heavy superincumbent load of 
rock, and the action of pressures from ail sides upon the rock- 
particlesji so that even the most brittle mass of rock would 
be converted into a state of latent plasticity. The work done 
by horizontal pressures is the great truth which Professor Heim 
seeks to inculcate. He brings forward numerous observations 
to prove the passive behaviour of the ‘‘Central Massives” during 
the upheaval of the present Alpine system. In opposition to 
Studer’s idea that the massives had represented active ,^local 
centres of disturbance, Heim points out that the crystalline 
rocks present in these areas themselves show deformation and 
alteration explicable only upon the assumption that they had 
suffered no less than the rocks in the northern and southern 
zones of the Alps from a system of horizontal pressures common 
to the whole Alps. In Professor Heim’s opinion, the individual 
forms of the Central Massives as lenticular or fan-shaped arches 
or simple domes had been determined by modifying local in- 
fluences during the epochs of Alpine upheaval, but had no 
connection with volcanic subterranean forces. On the con- 
trary there is, according to Heim, no field evidence whatsoever 
that the igneous rocks of the Central Massives exerted forces 
of compression upon the sedimentary strata in contact with 
them. 

Heim therefore agrees with the general results of Suess, 
and explains mountain-making as a consequence of nuclear 
contraction, crust-subsidence, and the complex action of 
horizontal strains through the layers of the crust. ^ He 
calculates that the plication of the Alps has reduced the 
breadth of that portion of the crust by a distance of about 
seventy-four miles ; hence the crust contraction would seem 


r 


314 HISTORY OF GEOLOGY AND PAL/EONTOLOGY. 

to be a very appreciable aipount in the case of the greater 
mountain-systems. On the other hand,^ Heim calculates that 
the earth’s diameter has not been shortened even one per cent, 
by the processes of subsidence and mountain-folding. With 
regard to the age of the Alps, Heim concludes ^hat the central 
chains are older than the outer, that the strains have wholly 
ceased* in the inner portions of the Alps, but continued along 
the northern chains into the youngest Tertiary periods, and are 
possibly even now in progress. 

According to Heim’s theory of latent plasticity, the rocks 
at a depth of nearly 7000 feet would be in of condition that 
would preclude the possibility of gaping fissures. This 
assjumption is correlated with the characteristic feature in 
Heim’s geological surveys, namely, the pre-eminence of folds 
in all possible forms, and the subordinate place assigned to 
faults. These have proved somewhat vulnerable points of 
attack in an otherwise classic work, and have been called in 
question by many eminent geologists during the twenty and 
more years that have elapsed since the publication of the 
Mechanismus. . 

Giiimbel, Broegger, Staplf, Pfaff, Rothpletz, and others have 
opposed the theory of plasticity upon various grounds. All 
experimental attempts to reduce rocks by mere compression 
only caused fragmentation of the material. Pfaff found that 
many rocks might be subjected to a pressure of more than 
20,000 atmospheres without showing any tendency to become 
plastic. Moreover, it is not in accordance with the knowm 
phenomena of volcanoes and earthquakes to assume that 
crust-fissures cease at comparatively small depths. 

The experiments of M. Daubree and M. Favre are 
especially noteworthy. Daubree . started from the standpoint 
that not only horizontal, but also vertical components of 
force have acted in bending and folding the rocks of the crust. 
His apparatus consisted of a rectangular iron frame, to contain 
the material under pressure. The pressure was applied from 
the side, but sometimes simultaneously from above. Instead 
of the alternating layers of wool, cotton, and clay which had 
been used in the experiments of Sir James Hall in Edinburgh, 
Daubree arranged different kinds of metal plates and sheets 
of wax mixed with clay, resin, or turpentine. By varying the 
conditions of his experiments in respect of the intensity and 
direction of pressure, and the kinds of material, M. Daubree 
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obtained types of folding and deformation which coincided 
with many of those represented in nature. The first account 
of Daubree’s results appeared in 1878, and in the same year 
Professor Favre of Geneva published his illustrations of clay 
strata which had been placed upon a stretched band of 
caoutchouc, and thrown into folds on the contraction of the 
elastic basis.^ In 1888, Mr. Cadell carried •out a series of 
pressure experiments and attained excellent imitations of the 
tectonical disturbances in mountain-systems. An attractive 
experimental elucidation of the Appalachian mountains was 
given by Mr. B!iiley Willis in his work entitled The Mechanics 
of Appalachia 7 i Struckire. 

All those experimentalists have demonstrated that un 4 er 
strong lateral pressure the material is not only plicated but is 
fissured •and faulted in many different ways, and geologists 
generally are inclined to think that Professor Heim has not 
allowed sufficiently for the complicating effects of crust- 
dislocations. 

The geological significance of fissures and faults was fully 
realised by the Wernerian School ; this was only to be 
expected, since the foundation of Werner’s doctrines w^as 
his intimate knowledge of the vein-rock that occurred in the 
crevices and fissures of the crust, and his careful observation 
of the relative displacements of the rock on the opposite sides 
of fault-fissures. From time to time special works on faults 
have appeared in mining literature. One of the best known 
earlier works is Carnall’s description of the fissures in the 
Carboniferous district of Silesia, published in 1836 ; numerous 
special papers on the British raining districts are included in 
the Reports of the Geological Survey; and Kohler in 1886 
published a valuable monograph, entitled Die Sfdrnngen der 
Gd?ige, FWize utid Lager. • 

The faults in mountain-regions were examined by De la 
Beche, Sedgwick, Thurmann, Harkness, and many others, and 
their origin commonly ascribed to contraction and mechanical 
strain ; William King explained them as due to processes of 
crystallisation. The mechanical strains in the crust during 
mountain-making are undoubtedly the most important factor, 
and Professor Daubree imitated the effects of strain in a scries 
of experiments. He subjected plates of glass, pieces of rock, 
and wax prisms to torsion and to vertical and lateral pressures, 
and produced fissures and displacements which could bear 
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detailed comparison with the phenomena of crust-fracture 
in nature. Daubree also elucidated the influence of such 
fractures on the subsequent surface conformation of the earth, 
and especially on valley erosion. 

Reyer in his llieorefische Geologie^ published in 1888, 
discusses the causes and phenomena of crust-ruptures. He 
refers Fractures ^o differences of tension arising from various 
causes, inequality • of the superincumbent weiglit or in the 
rate of gain and loss by chemical changes, and inequality in 
the access or abstraction of*^heat in the rocks of adjacent 
areas. Dr. Reyer cites numerous examples of step-faults, 
trough-faults, and fault-nets, in order to show that areas of 
subsidence bounded by fault-fissures are frequently strength- 
ened by the injection of eruptive masses, and are rendered 
so much the more resistant in subsequent crust-disturUances. 

The first volume of Suess’s A^itlitz der Erde appeared in parts 
during the years 1883-85 ; the second volume followed in 1888; 
and the third and last volume has recently been completed. 
The author incorporates in this work many^^ideas which he 
had enunciated in skeleton in the Enistehmg der Alpen, 
But t^ie later work is not limited to the consideration of the 
origin of mountains and continents, it surveys the whole 
history of terrestrial change in the course of the geological 
epochs. In the hands of the most accomplished of foreign 
geologists, and one of the strictest logicians of any age, crust- 
tectonics may be almost said to have been elevated into a 
new inductive philosophy of earth-configuration. 

The leading purpose of the work is to explain the present 
conformation of the earth’s surface upon the basis of the 
previous changes in the oceans and continents of the earth. 
And first the movements in the solid outer framework of the 
earth are considered. « 

Suess begins by discussing the Deluge of the Scriptures, 
as one of the last grand geological events, which visited 
Mesopotamia with a devastating inundation, probably the result 
of an earthquake or a cyclone from the Persian Sea. In 
addition to the Mosaic account, the Izdubar Epic of the 
Babylonian Berosus serves as the historical basis of this 
chapter. 

A second chapter treats of Earthquakes, and a third 
elucidates the various kinds of dislocations associated with the 
contraction of the earth’s nucleus. The movements are 
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resolved into tangential and radial tensions, which give effect 
to horizontal and vertical displacements. Under horizontal 
displacements Suess describes folds, anticlinal domes, over- 
thrusts, and lateral shifts effected by dip-faults. The vertical 
displacements are evidenced by subsidence or inthrows, and 
they are accompanied by numerous fissures and faults, which 
may again be sub-divided into peripheral, radjal, diagonal, and 
transversal fkults. The nature of the subsgience in dislocated 
segments of the eartUs crust determines the arrangement of 
the faults, as limiting-lines t)f crust-basins, crust-troughs, 
flexures, or t£jble-lands. The combination of a subsiding 
and tangential movement gives origin to specially complicated 
tectonical appearances, such as the development of fore-folds 
and back-folds. 

Sues% regards volcanoes only as slight and superficial 
indications of important phenomena in the nuclear mass of 
the earth. He describes a number of examples showing the 
gradual denudation and partial disturbance of volcanoes, and 
establishes a “ series of denudation forms ” intended to prove 
that there is no fundamental diflerence between the volcanic 
explosions and ejections of the present time, the massivg flows 
of earlier periods, and the laccolites and deep intrusions of the 
oldest periods. The fissures and dykes of active and extinct 
volcanoes are carefully discussed, also the dislocations caused 
by earthquakes. 

After these preliminary chapters, Suess makes a compara- 
tive investigation of the mountain-systems of the earth, and an 
attempt to discover their geological history from their tec- 
tonical structure. To the geologist the subject is opened out 
with unflagging interest. Beginning with the Northern Sub- 
Alpine area, Suess emphasises the obstructive influence which 
had been exerted by the mountain-ranges of Central Europe, 
the Sudeten mountains, and the Russian plateau. These 
resisting crust-blocks had for the most part successfully 
stemmed back the advancing Alpine folds, or in the case of 
the Sudeten and a part of the Russian plateau, the northward 
crust-creep had carried the Carpathian folds partially over the 
ancient mountain-masses. 

Suess elucidates the direction of strike of the dominant 
folds in the Alpine system, and his description of th"e cur- 
vature and whirl-shaped arrangement of the leading lines 
of strike has thrown an entirely new light upon Alpine geology. 
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The older view, that in th^ Northern Hemisphere, from the 
Caspian Sea to the American shores of the l^acificj folding- 
movements had been directed to the north, north-west, or 
north-east, is shown to be erroneous for the southern Apen- 
nines and other outrunners of the Alpine system, as well as 
for the coastal chains in North America. A special chapter is 
devote to the ^work of Mojsisovics on the inthrown area of 
the “Dolomites” in South Tyrol, with which the'^origin of the 
Adriatic Sea is associated. 

Another chapter is devoted *'to the geological history of the 
Mediterranean Sea, which he proves to be a «*!*emnant from a 
much greater ocean. He calls this ancient ocean “Thetys,” 
and by an exhaustive discussion of the various Tertiary 
deposits demonstrates the former extent, boundaries, and 
phases of development of the original ocean of ‘VThetys.^^ 
It extended across the Atlantic Ocean to the southern coasts 
of North America, and through Central Europe to the inner 
recesses of Central Asia. The fragmentation of the neighbour- 
ing continents, the recent inthrows of the u;^ean and Black 
Seas, are described with admirable mastery of detail. 

Th|^ following chapters treat the Sahara table-land, with 
its continuation towards Arabia and Palestine ; the broad 
South African table-land, which formerly extended as 
“Gondwana Land” across Madagascar to Southern India and 
Australia and is bounded on all sides by a faulted coast; and 
lastly, the mountain-systems of India and Central Asia and 
their tectonical relations to the Alps and European mountains. 
Suess then proceeds to describe the leading features of America. 
In South America there is a certain unity of structure. In 
the east and in the middle the great Brazilian table-land is 
composed of little disturbed Palreozoic strata ; in the w’-est the 
folded mountain-chains are mostly composed of Jurassic rocks. 
Still younger strata occur near the Pacific coast, and the 
volcanoes and earthquakes of this area indicate the continuance 
of crust-disturbances in the present day. 

Central America is interposed between North and South 
America with a structure geologically independent of either, 
and representing a part of the former land-girdle of the Thetys. 
In IJorth America, the Appalachians, the Mountains of the 
West, and the intervening table-lands afford the author 
frequent opportunity of discussing the American literature on 
the origin of mountain-systems. 
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The first volume concludes w^th a summary of the most 
important results obtained throughout the work. It is 
pointed out that the names Old and New World are, geo- 
logically speaking, quite unjustified, as the greater part of 
North America has been exposed as dry land since the 
Cretaceous epoch, and is therefore of considerable antiquity. 
South America has its own distinct structure; it nlay be 
described as' a gigantic crust-buckle bounded on three sides 
by high mountain-walls, but unbroken by any tectonical lines 
towards the east and north-east'* 

In the Old World three dissimilar regions have been welded 
together: (i) the southern parts of the ancient Gondwana 
Land, which has never been completely submerged since the 
conclusion of the Carboniferous epoch ; (2) Indo-Africa, the 
present Sahara, Egypt, Syria, and Arabia, covered by the ocean 
in the Cretaceous epoch, but never subjected to folding-move- 
ments since Palmozoic time ; and (3) Eurasia, the north-west 
of Africa, Europe, and the remainder of Asia. The southern 
borders of Eurasia are strongly folded, and throughout long 
tracts they have been thrust above the Indo-African table-land. 

The second volume begins with a historical account of the 
different opinions regarding secular movements of upheaval 
and depression of the land. Suess points out the advantages 
of the terms “positive” and “negative” as signifying the 
relative character of coastal displacements [ante, p. 292). 

Two of the most brilliant chapters in the work are devoted 
to the boundaries of the Atlantic and Pacific Oceans. All the 
erudition of a century is summed up in these pages ; as one 
reads, broad geological portraits of the face of the earth as it is 
and as it was are called forth, till one forgets to marvel at the 
magician’s touch or question the individual features. A com- 
parison of the North European and North American fault-areas 
discloses unexpected homologies between the two territories. 
The re-construciion of the ancient Armorican and Variscan 
mountain-systems in Central Europe, the elucidation of their 
losses by fracture and denudation, and the proof of the 
similarity in the direction of the later folding that gave origin 
to the Alps and Pyrenees, are masterpieces of scientific 
argument. 

The Face of ihe Earth is intended, however, not only to 
explain the origin of mountains, but also to trace in chrono- 
logical succession the chief vicissitudes of the solid crust since 
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it began to form. _ A derailed account of the Palaeozoic 
Mesozoic, ^ and lertiary oceans, with their transgressions and 
retrogressions, comprises many new conceptions, and leads the 
author finally to the consideration of the oscillations of the 
ocean surface at the present day. The eni^/ging coasts of 
bcandinavia are viewed as proof of lowered sea-level, and the 
generif opinioi^ in favour of crust-elevation is strongly op- 
posed. Similarly, •Suess explains the strand displacements in 
progress on the coasts of the Mediterranean Sea, the Pacific 
and Indian Oceans, as the restdt of movements in the aqueous 
envelope of the earth, but not in the solid crus^. 

According to Suess, ruptures and collapses affecting the 
whole thickness of the earth’s crust, together with tangential 
folding of the upper horizons, are the forces to which the earth 
originally owed its surface conformation. There isono such 
thing as an active or passive emergence of portions of the 
prth’s crust; in the estiniation of Suess, the theory of elevation 
is a great error. He thinks it impracticable to ascertain the 
ages of the mountain-systems by any such ii^enious method 
of calculation as Elie de Beaumont attempted, seeing that as 
a rul^ the upheaval of a mountain-system occupied protracted 
intervals of time. Nevertheless, Suess is inclined to correlate 
the grand physical events of the earth’s history with those of 
the development of the organic world, and thinks- it possible 
in this way to erect a natural and universal classification of the 
formations. F or this purpose it is not so much the origin of 
new mountain-systems that comes into question as the periodic 
recurrence of those great pelagic transgressions, whose cause of 
origin until now has not yet been discovered. 

Many of the hypotheses suggested by Suess will probably 
not endure the criticism of the future. Yet there can be no 
doubt that even the expression of a hypothesis having due 
respect to all known data marks an important step in advance. 
In the midst of the present activity in conducting detailed 
investigations there is a certain danger that scientific workers 
may become parochial in their interests and teaching ; but a 
work like that of Suess, so cosmopolitan in its standpoint, 
reminds all workers of their community of aim, rouses each 
one from the particular to the general, and brings him back 
with renewed vigour and mental insight to the particular. 
The time was ripe for an effort to establish systematic clearness 
in the acquired abundance of detail and to seek for compre- 
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hensive laws and principles. Onej^f the* most distinguished of 
living geologists, Professor Marcel Bertrand, writes in the pre- 
face to the French translation ofSuess^s work, by M.de Margerie; 
‘‘The creation of a science, like that of a world, demands more 
than a single day; but when our successors write the history 
of our science, f am convinced that they will say that the work 
of Suess marks the end of the first day, ivhe?! iJ^ere was HgJiV' 

Suess has*secured almost general recogivtion for the Con- 
traction Theory. Yet there are individual attempts to explain 
mountain-making in some other Vay. Amongst these the most 
worthy of note* is Mellard Readers attempt to work out the 
Huttonian expansion theory in detail and to make it agree 
with the ascertained facts of modern geology. Mellard Reade 
made a number of experiments on the expansion of metals and 
rocks un^er different modes of heating, and applied his results 
theoretically to explain the movements within the earth’s crust. 

Like James Hall and Dana, Mellard Reade starts with the 
assumption that mountain-making takes place only in districts 
of thick sedimentary deposits, and that there is an increase of 
temperature in those parts of the earth’s crust on account of 
the additional thickness, and therefore proportional wij^h it. 
Whereas Babbage, Lyell, Dana, and others suppose that 
the force of expansion called forth by the increase of 
temperature acts only in linear directions, vertically upward, 
Mellard Reade shows that this force must tend to expand 
rocks cubi call y, upward, downward, and laterally. The 

lateral expansion of the rocks in the heated area is resisted 
by the relatively less heated rocks of adjacent areas, the com- 
pression of the expanding rocks causing them to fold and buckle. 
The upper layers being less influenced by the earth’s heat than 
the lower are in a condition of greater tension, while the lower 
are more strongly compressed. Bdth are separated by a neutral 
zone, in which the rocks experience neither tension nor com- 
pression; this zone is called the “level of no strain.” 

The rocky floor upon which the thick mantle of deposit has 
gathered necessarily participates in the subsequent rise of crust- 
temperature, the expansion, and the compression. Therefore 
the sedimentary strata of high antiquity composing the floor 
are subjected anew to heat and pressure, are folded and 
crushed in the most varied manner, and in their plastic state, 
since they are stemmed back by the lateral resistance of cooler 
areas and harder masses of rock, they are readily pressed 
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towards the lines of least resistance in the mountain-system, 
namely, the anticlinal axes of the folds and arches. Thus they 
accentuate the appearance of upheaval at the surface, and form 
the axes of the highest chains, which as a rule consist of ancient 
crystalline rocks. 

But as the origin of a mountain-system occupies long geo- 
logicar epochs, ^lany changes of temperature may take place 
in the subterranean masses. Every rise of temperature causes 
a new movement of expansion, and the mountain-chains may 
rise higher and higher above the surrounding areas. Fissures 
and faults are phenomena of contraction produced by cooling, 
and are therefore usually younger than the folding and upheaval 
of the mountain-chains. With every crust-rupture a subsidence 
of one or both sides of the fissure is commonly associated. 

Mallard Reade cites examples chiefly from British ajgd North 
American geological literature in support of his theory. The 
weakness of the theory consists in its treatment of mountain- 
making as a merely local phenomenon ; it assumes rather than 
explains that the expansion of limited crust-blocks by little and 
little can effect the uprise of vast mountainous tracts. 

Tfie American geologist, C. E. Dutton, in a paper “On 
some of the Greater Problems of Physical Geology,” in 1892 
also contests the Contraction Theory and proposes his theory 
of “ Isostasy.” He points out that the earth’s crust is not 
homogeneous, but consists of heavier and lighter masses; the 
effort to arrive at equilibrium causes the heavier masses to 
subside and the lighter masses to rise as crust-buckles. If an 
area which has already subsided is weighted by thick masses 
of sediment it must sink farther, and if simultaneously the 
adjacent crust-buckle is lowered by the agencies of surface 
denudation, the socket of the arch is so much lightened and 
rises farther. Should these? movements overcome the rigidity 
of the earth’s crust, Dutton supposes that in the littoral sedi- 
ments, crust-creep or flow takes place towards the continent in 
course of denudation, and this flow movement may become 
so intense as to produce folds and build up mountain-chains. 

Dr, Reyer, another opponent of the Contraction Theory, 
has suggested a theory of mountain -making based upon exten- 
sive ^crust-slip. He assumes that every system of crust-folds 
begins with a crust-rupture and with the sinking of several 
crust-blocks towards one direction, so that the earth’s relief is 
made unsymmetrical, with a definite slope on one side. If 
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the sedimentary rocks beside a rupture are tilted by upheaval, 
then, according to Reyer, the rock-strata glide do\Ynward and 
as they do so fall into complicated folds. 

An Alpine geologist of wide experience, Professor Rothpletz 
in Munich, holds the Contraction Theory to be inadequate as 
an explanation of volcanoes and of the unlike distribution 
of gravity in the earth's crust. Pie believes that a better 
explanation is afforded on the basis of crust-expansion in 
certain regions, 

Rothpletz recognises three distinct spherical zones of rock- 
material in th5 earth, according to their physical condition. 
Below the rigid crust is the viscous or molten nucleus, and 
between both a zone of cooling and consolidation. Professor 
Rothpletz assumes that the masses in the intermediate zone do 
not contract as they would on cooling under normal pressure of 
superincumbent rock, but expand as they cool, in analogy with 
bismuth and other substances. From this zone, therefore, 
vertical and tangential pressures are exerted upon the solid 
crust. At localities of weak resistance the crust is torn, the 
expansion of the intermediate zone pushes the crust upward 
and produces continents or table-lands at the surface, anti the 
seams are invaded by the uprush of molten magma from the 
nucleus. At the same time the tangential tension in the 
emerged continents tries to relieve itself locally by the forma- 
tion of folds. Hence mountains are upheaved and volcanic 
invasions occur on the continents at the places of least 
resistance. 




“ CHAPTER IV. 

m 

PETROGRAPHY. 

r 

The investigation of the rocks which compose our earth’s 
crust has always been conducted along two directions of study : 

(1) the investigation of the mineralogical and chemical 
composition, the structure of rocks, their mode of ocdhrrence ; 

(2) the investigation of their mode of origin. 

The systematic arrangement and the morphology of rock- 
varieties has been constructed mainly upon a mineralogical 
basis ; the questions concerning the origin of rock-varieties 
have been handled more from the geological and chemical 
side.* A distinction between massive eruptive rocks and 
stratified deposits was early recognised in petrographical 
literature. Hutton’s was the genius which first differentiated 
clearly between plutonic, volcanic, and sedimentary rocks in 
point of origin ; while Werner, too biassed by Neptunistic 
doctrines to perceive the fundamental truths which Hutton 
had taught, nevertheless accomplished the task of erecting a 
systematic classification of rocks upon mineralogical con- 
siderations. 

During the first half of the nineteenth century, all petro- 
graphical w’'orks followed Werner’s system. His determina- 
tion of rocks as simple or co^mposite occurs in most of the later 
attempts at classification, and also his fundamental principle 
of di&rentiating the essential and the accessory minerals in 
mixed rocks has been continued to the present day. 

Brongniart had in 1813, in his table of Composite Rocks, 
assigned great importance to the structural relations, and dis- 
tinguished accordingly three chief classes : i, the “isomerites,” 
or granitoid varieties of rock, in which the individual elements 
are united only by crystalline aggregation, and there is 
no finer matrix, e.g., granite, syenite, protogine ; 2, the 
“anisomerites,” or porphyritic and hemicrystalline varieties, 
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in which the chief mineral constituents lie imbedded in a 
‘‘ matrix^' or ground-mass, e.g,, gneiss, schist, phylHte, porphyry, 
trachyte, obsidian, lava; 3, the “aggregated” or fragmental 
varieties, which take origin by mechanical means, and whose 
ingredients are ^ cemented together by subsequent infilling of 
material, e.g.^ psam mites (sandstone, greywacke), pudding- 
stones, and breccias. ^ • 

Brongniart, as well as his predecessors Hauy and Cordier, 
confined themselves exclusively to the mineralogical com- 
position and structure of the rocks, without respect to their 
mode of occuFrence, their age, or their origin. While this 
method of treatment proved undoubtedly beneficial to the 
development of systematic petrography, it endangered the 
connection between geology and petrography, and in this 
respect 4he direction initiated by the French petrographers 
must be regarded as retrograde in comparison with the 
Wernerian School. 

The best and most complete work of that time on petrology 
was Leonhard’s^ Charakterisfik der Felsartefi (1823-24). In 
this work likewise the mineralogical standpoint predominates, 
but the Wernerian influence is apparent in the frequent 
digressions which give information regarding the occurrence 
of the different kinds of rock in the field and their mode of 
origin. Leonhard distinguished four sub-divisions of rocks: 
I, rocks composed of unlike elements; 2, rocks apparently 
uniform; 3, derivative or fragmental rocks; 4, friable and in- 
coherent rocks. As all Leonhard’s distinctions were founded 
on macroscopic examination of the rocks, the group of the 
“apparently uniform” rocks is quite artificial, and the limits 
of the others are unsatisfactory. 

Cordier^ had suggested in 1815, according to the precedent 

• 

^ Carl Casar von Leonhard, born 1779 at Rumpenheim near Hanau, 
studied in Marburg and Gottingen ; in 1800 entered into the Hessian 
Government Service; in 1810 was appointed Councillor of the Exchequer 
in Chur Hesse, and afterwards Director of Domains; in 1 8 16 accepted a 
call to the Munich Academy, but left Munich in r8i8 to be Professor of 
Mineralogy and Geognosy at the University of Heidelberg, where he died 
on the 23rd January 1S62. 

Pierre Louis Antoine Cordier, born 1777 in Abbeville, began life as 
a mining engineer in 1797; took part under Dolomie'u in the Egyptian 
Expedition ; in 1819, succeeded Faujas de Saint-Fond as Professor of 
Geology at the Botanical Garden; and at the Restoration of the Empire 
was made a peer of France. He died in 1862. 


326 HISTORY OF GEOLOGY AND PAL/EONTOLOGY. 

of Fleuriau de Bellevue Dolomieu, to pulverise the 
apparently liomogeneous rock-varieties, to separate the particles 
by weight, and test them partly below the microscope, partly 
with the magnet, partly by chemical means ; but this manner 
of research proved far from successful, as it^ was extremely 
difficult to identify the minute mineral particles. It showed, 
however, that boisalt was a composite rock. 

The Scottish gerologist, Professor William Nicol, in 1827 
introduced a method of preparing thin sections of fossil 
woods to be examined by the microscope, and about the same 
time constructed a polarising microscope for the special 
investigation of crystals. The insight of this gifted man in 
petrographical pursuits, no less than in respect of the difficult 
problems of the geology of the Scottish Highlands, failed to 
carry conviction into the minds of his contemporaiiies. A 
few petrographers certainly adopted his method of examining 
fossil woods, and it was by this means that Goppert was 
enabled to detect the important constituents of coal. 

In the hands of Ehrenberg, the microscope proved of epoch- 
making significance. By its use Ehrenberg made the dis- 
covery that a number of widely distributed rocks, soft in 
character, such as chalk and tripolite, as well as certain lime- 
stones from the older formations, were entirely composed of 
the skeletons of lowly organisms (diatoms, foraminifera). 
Ehrenberg’s work on chalk and chalk-marls w^as published 
at Berlin in 1839; fifteen years later, in his Mikrogeologie^ he 
gave a complete account of his microscopic investigations on 
the composition of sedimentary deposits, the work being 
enriched by a very large number of excellent illustrations. 

Although Ehrenberg’s method of microscopic examination 
of friable and earthy rock-material had been so eminently 
successful, it did not seem as if it could be adapted for the 
investigation of the harder rocks. The thin splinters of a 
crystalline rock were not sufficiently transparent even when 
imbedded in Canada balsam, and 'NicoFs optical method of 
identifying the mineral fragments was little known. Besides 
Nicol himself, David Brewster and Humphrey Davy interested 
themselves in the microscopical examination of the structural 
relations of minerals, and the frequent fluid inclusions of rock 
minerals. Scheerer in 1845 identified the hemicrystalline 
structure of many apparently homogeneous rocks, and in 
transparent chips of crystals examined by transmitted light 


PETROGHAPHY. 


327 


he recognised numerous minute fc^reign bodies and inclusions. 
But these authors failed to make sufficient impression upon 
contemporary thought. Petrography continued to be con- 
ducted for the most part along the old lines ; in Germany the 
best known ^tepchers of petrography were Rose, Cotta, Nau- 
mann, and Rath; in France, Delesse, Durocher, and Fpurnet. 
Naumann’s Z^/^rte/2 contains an admirable pepresentation of 
the state of 'petrography in 1850. But, iiiStead of the sub- 
divisions then customary, Naumann differentiated rocks chiefly 
according to their origin as crystalline, clastic, hyaline, poriform, 
zoogene, and p?iytogene. 

In the following decade, the interest of petrographers was 
chiefly directed to the chemical side. Until that time, geology 
had troubled little about chemistry. The foundations of 
geology Miad been laid without the assistance of chemistry; 
among the leading geologists of the heroic period, only 
Hutton and De Saussure were learned in chemistry, and they 
had not seemed to And much use for their intimate knowledge 
of that branclx, of science. Cordier had in 1815 applied 
hydrochloric acid for the determination of certain constituents 
of rocks, and Gmelin in 1828 had made an analysis of 
phonolite, separating the elements that were soluble in hydro- 
chloric acid from those that were insoluble. But a purpose- 
ful chemical investigation of rocks was first attempted by 
Bischof and Bunsen. 

Gustav Bischof {ante^ p. 217), the founder of Chemical 
Geology, was much more a chemist than a geologist, and 
although his lack of sound geological knowledge could not 
affect his experimental chemical researches on rocks, it proved 
detrimental when he came to draw generalisations from his 
results. In the first volume of his Text-hook of Ckemi'cal and 
Physical Geology., Bischof begins nvith the consideration of the 
water on the surface of the earth and in internal cavities and 
joints; after a detailed description of springs, he turns his 
attention to their temperature, their chemical ingredients, etc., 
and to the chemical changes which are set up in the rocks 
when water is brought into contact with them. The second 
volume is a complete chemical mineralogy and petrology, in 
which the mode of origin of the rocks receives a"* large ^hare 
of attention. When he reviews his facts, Bischof arrives at 
conclusions of an ultra-Neptunistic tendency and quite 
erroneous. The work is of high value on account of the 


328 HISTORY OF GEOLOGY AND PAL/EON TO LOGY. 

large number of careful rook analyses, which show the rela- 
tive admixture of the different rock-forming substances. 
By careful chemical analyses, Robert Bunsen succeeded in 
distinguishing between two volcanic magmas exuded from 
different vents in Iceland — the one, a nornvil trachytic or 
acid rnagma, the other a normal pyroxenic or basic magma, 
— and showed Vliat from the combination of these all possible 
transitional varieties of eruptive rock might take origin. After 
the publication of Bunsen’s paper in PoggendorfPs Aiinalen in 
1851, geologists were so zealous in the chemical investigation 
of rocks, that almost a thousand chemical jCnd mechanical 
analyses of rocks were forthcoming ten years later when Justus 
Roth prepared his tabular list of rock analyses. 

In the year 1850, Henry Clifton Sorby published a short 
communication on the Jurassic Calcareous grit,«t whose 
structure he elucidated by applying NicoFs methods of ex- 
amining thin rock -slices by transmitted light. In two further 
treatises in 1853 and 1856 Sorby tried to solve the problem of 
cleavage by similar means of examining tjhn sections of 
cleaved rock. These earlier writings of Mr. Sorby were the 
precursors of his famous memoir in i860, which revolutionised 
the teaching of petrography. Independently of Sorby, Oschatz 
in Berlin had recognised the importance of preparing thin 
slices of rock for microscopic examination. On the 7th 
January 1852, Oschatz exhibited a collection of fifty micro- 
scopic slides of mineral sections at a meeting of the German 
Geological Society, and again in 1854 at a Scientific Congress 
in Gottingen, but he did not succeed in arousing any great 
interest. 

The turning-point was Sorby’s classic paper on the micro- 
scopical structure of crystals, published in the Quarterly 
Journal of the Geological Satiety in 1858. This paper demon- 
strated the structure of rock-forming minerals with unprece- 
dented accuracy; it compared the natural mineral crystals 
with crystals artificially produced, and finally drew definite 
conclusions regarding the origin of the different rocks. Sorby 
was able to deduce from the presence of fluid, gaseous, 
crystalline, vitreous, and slaggy inclusions in crystals, the 
aque<^us or volcanic origin of certain rocks, and thus brought 
to an end questions which had been for many years matters 
of dispute, and which could never have been solved without a 
precise knowledge of the mineralogical elements and ground- 
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mass of rocks. Sorby’s paper wa^no less than epochal in its 
effect, it appealed both to field geologists and to mineralogists, 
for it revealed the community of interest in the results which 
could be obtained by accurate microscopic examination of 
rocks. a 

Sorby’s method was applied by Websky, who examined thin 
sections of rninerals by polarised light, and attained brilliant 
results. A happy circumstance brought -Sorby’s influence 
directly to bear upon Ferdinand Zirkel. In the year 1862, 
while at Bonn, Sorby personally initiated Zirkel into his 
methods of in\%stigation, and inspired him with enthusiasm 
for the new field of research. 

Specimens of crystalline rocks from all parts of the world 
were secured by Zirkel, who submitted them to microscopic 
examination by transmitted and polarised light, and arrived 
at ever sharper definitions of the various inclusions, and the 
appearances displayed in polarised light. By his compre- 
hensive researches Zirkel established Sorby’s methods upon 
a broader empirical basis, and he at the same time introduced 
the new methods in his teaching of petrography at Bonn 
University. ^ 

There were still some incredulous voices : Vogelsang in 
1864 doubted the existence of glassy inclusions in the com- 
ponent ingredients of porphyry, and other rocks of non-glassy 
structure; Laspeyres in the same year also disputed the 
glassy inclusions in porphyritic rocks of Halle, and even 
doubted the distinction between glass and water vesicles. 

The publication of Zirkel’s Lehrhtich der Petrographk 
(Bonn, 1866) may be said to mark the culmination of the 
older methods, and the academical initiation of the new. In 
his text-book Zirkel embraced all that was known about the 
mineralogical and chemical composition, the structure, system- 
atic arrangement, the mode of occurrence and origin of the 
various rocks; he also described the crystallographical results 
which had already accrued from microscopic investigation, and 
indicated the far-reaching advantages opened up by the new 
direction of research. ZirkeFs w^ork removed all doubt 
regarding the value of the microscopic results for systematic 
petrography. , 

Vogelsang, in bis Philosophie der Geologic und Mikro- 
skopische Gesieins-Studien (Bonn, 1867), accepted the new 
teaching in full, and added much to the knowledge of the 
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porphyritic series by his careful microscopic investigation of 
the larger mineral constituents and the ground-mass char- 
acteristic of different varieties. Vogelsang’s observations on 
the processes of the consolidation of rock-magma, on the 
microscopical structure of slags, on “fluidaU’ structure, on 
microlhes, and on conditions of devitrification, are clear and 
accurate. His illustrations are throughout of higji excellence; 
and his proof, given in collaboration with Geissler, that certain 
liquid inclusions in minerals and rocks consist of liquid car- 
bonic acid, is a discovery that will ever remain associated with 
the name of this promising scientist, who unfortunately died 
before he reached his prime. 

Special memoirs were contributed by Zirkel on phonolite, 
on glassy and partially glassy rocks, and on leucite rocks. A 
very important work was his UnfcrsucJmng iiber dit mihro- 
skopische Zusammerisetzinig imd Siruktm' der Basaligesieine 
(Bonn, 1S70), In this work, Zirkel showed for the first time 
that the basalts and the lavas corresponding to them may be 
classified in three groups (felspar, nepheline, and leucite 
basalts), and that each of these three modifications can be 
identified by its constitution and structure, as well as by the 
ground-mass. 

A few months before the appearance of Zirkel’s work 
on basalt, Tschermak had published a short but valuable 
paper on the microscopic differentiation of the minerals 
belonging to the augite, hornblende, and biotite group, and 
thus removed one of the chief difficulties in the identification 
of rock-forming minerals. 

The year 1873 signalised by the almost simultaneous 
appearance of two works, in which the two most distinguished 
masters in the domain of microscopical research comprised 
the quintessence of their infestigations. Under the title, Die 
77iikro$kopische Beschaffefiheif der Mmeralie7i mid Felsarleii 
(Leipzig, 1873), Zirkel gives an introductory code of instruc- 
tions as to the use of the microscope, examination by means 
of polarised light, and the methods of producing faithful 
illustrations. He then describes the microscopical structure of 
rock-forming minerals with special respect to the various kinds 
of inclusions and the products of decomposition. The 
optical and physical characteristics of mineral sections are 
next described ; and the results obtained in the earlier 
chapters on minerals are applied in the latter half of the w’-ork, 
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which is devoted to the mineral constitution and structural 
features of rock -varieties. The work is fully illustrated by 
woodcuts. 

The other important work was that of Rosenbusch, en- 
titled, Die 7 nikroikopische Physiographic der petrographisch wkh- 
tigen Mineralien (Stuttgart, 1873). It contains an exhaustive 
statement of J:he practical methods according*to which* rocks 
may be identified by means of the morpliological, physical, 
and chemical properties of their component r^inerals ; this is 
followed by a full and methodicaf discussion of the microscopic 
characters of rodc-forming minerals. The optical consideration 
of the phenomena of polarisation was elucidated so admir- 
ably by Rosenbusch, that his work created a secure basis for 
future petrographical researches. By the improvement of the 
microscof)e and the polarising apparatus, by the introduction 
of a rotating stage, and by other mechanical aids, it was now 
rendered possible to distinguish not only singly or doubly 
refracting bodies and uniaxial or biaxial minerals, but also to 
determine more, accurately the specific optical properties of 
minerals belonging to the different systems of crystallisation. 
After the publication of this great work, Rosenbusch ^ook 
rank along with Zirkel as one of the great pioneers in the 
microscopical investigation of rocks. In 1877, Rosenbusch 
published a second volume entitled Die inikroskopische 
Physiographic der massigeii Gesteine. 

Rosenbusch distinguished the massive rocks according to 
the felspathic modifications: — t, Orthoclase rocks; 2, Ortho- 
clase, nepheline, leucite rocks; 3, Plagioclase rocks; 4, Plagio- 
clase, nepheline, leucite rocks; 5, Nepheline rocks; 6, Leucite 
rocks ; 7, Non-felspathic rocks or peridotites. Each of these 
groups was subject to further sub-division according to the 
particular rock-structure, or in the*case of the felspathic rocks 
according to the presence or absence of quartz. Like Zirkel, 
Rosenbusch gave due consideration to the geological age of 
the rocks, as the older and the younger representatives of each 
group were handled separately. 

The optical method brought to such a high point by 
Rosenbusch was still further elaborated by Bertrand, Klein, 
and Lasaulx in memoirs which appeared in 1878. Scliiister 
proved in the following year that the felspars which had 
been recognised in such a masterly way by Tschermak from 
their composition to be isomorphous mixtures, represented a 
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series of closely-related modifications which could be optically 
distinguished. 

In addition to the service rendered by microscopic methods 
in facilitating the accurate mineralogical identification of 
the chief constituents of rocks, these methods disclosed the 
existence of a considerable number of subordinate mineral 
constituents which had either been wholly overlooked by 
macroscopic resesPxXh or had been supposed to be extremely 
rare. 

To mention one example, augite was found to be present in 
granite, porphyry, rhyolite, phonolite, etc. TlftS discovery was 
a direct contradiction to previous teaching that certain minerals 
could not exist in association with each other in the same 
rock; amongst other couples quartz and augite, orthoclase and 
augite, leucite and plagioclase, had been said to bemiutually 
exclusive. 

Microscopical research made it possible for the first time 
to attain a clear conception of the different kinds of rock- 
structure. The composition and structure of 4he ground-mass 
in hemicrystalline rocks was revealed, and new light was 
thrown upon characteristic structures of glassy rocks, fluxion 
structure, spherulitic and perlitic structure. Hence with the 
aid of the microscope the origin of the crystalline rocks began 
to be better understood, and their relations to the group of 
apparently homogeneous rocks. 

The indifference with which the large body of geologists 
had long viewed the microscopic study of rocks now gave 
place to zealous interest, and from the year 1870 the very 
large number of special papers that were devoted to 
petrological subjects not only filled Mineralogical Journals, 
but occupied a large share of the space in the Journals of 
Geological Societies. The Sudden influx of new literature was 
unprecedented, and it would be hopeless to attempt to men- 
tion individual papers in the present 'work. Between 1870 and 
1880, two-thirds of the publications on microscopic petro- 
graphy belonged to Germany and Austria. Amongst British 
workers Allport, Rutley, Houghton, Bonney, Archibald Geikie, 
Teal], Harker, may be named ; in North America some of the 
pionaers were A. Hague, Whitman Cross, Iddings, G. H. 
Williams, Wadsworth, Lawson. 

The results of these researches necessitated many changes in 
the systematic arrangement of the rocks, and in no group was 
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the influence of microscopic stucV more revolutionary than 
in that of the massive rocks. Zirkel, in 1866, classified the 
massive crystalline rocks mainly upon the basis of the modi- 
fications of felspar, and sub-divided them into five chief 
groups — orthocl^se, orthoclase and oligoclase, nepheline and 
leucite, labradorite, anorthite rocks. The orthoclase and 
oligoclase group was sub-divided into rocks ccgitaining quartz 
and rocks wifhout quartz, and the members «of the sub-groups 
were further distinguished by the presence or absence of 
hornblende or augite, or of different modifications of felspar. 
The geological %ge and the structure (granitic, porphyritic, 
glassy) afforded additional means of differentiation. 

Notwithstanding the great success that attended the micro- 
scopic study of rocks, certain mineral elements could not be 
identified^ by the finest optical methods, and it was felt 
necessary to combine microscopic and chemical investigations. 
Micro-chemical methods were invented for the purpose of 
testing the composition of minute mineral grains ; excellent 
memoirs dealings with this branch of research were published 
by Streng, Boricky (1877), Behrens, Haushofer (1883-85), and 
by Klement and Renard (1885). • 

Cordier had in 1815 introduced a mechanical means of 
separating the fine particles of mineral matter by reducing 
them to pow^der, washing the powder with water, and allowing 
the mineral particles to subside according to their respective 
specific gravities. An additional device for the isolation of 
the fine particles was communicated in 1875 by Fouque, 
who pulverised specimens of the Santorin lava and then 
used a strong electro-magnet to attract the mineral particles 
containing iron. 

A more signal improvement in mechanical means of isolation 
had been suggested m 1862 by Count Schaffgotsch, and 
afterwards by Church. It was proposed to introduce finely 
powdered mineral matter into a saturated chemical solution, 
such as the solution of iodide o-f mercury and potassium, 
prepared by Thoulet, and to shake the mineral powder in 
the solution, so that the particles which are heavier than the 
solution will sink to the bottom while the lighter particles will 
float. By diluting the original solution, or using other solu- 
tions of given density, the particles can be obtained successively 
according to their specific gravities. Since Thoulet conducted 
his experiments, solutions of greater density have been pro- 
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posed by Klein, Breon, Ro^irbach, and others, and have been 
used for the purposes of separation. 

The important results of microscopical and micro-chemical 
search were incorporated in the German text-books of Lasaiilx 
(1875) and O. Lang (1877); while the admirable work of 
Rosenbusch more especially gave an impulse to the study of 
petrography in- other countries. In Trance, two illustrious 
petrographers, Fouque and Michel-Levy, adopted the improved 
methods and advanced scientific research by many valuable 
contributions. From the year 1873, ^oth devoted themselves 
to the artificial preparation of silicates, and made a comparison 
of the artificial products with the natural occurrences in rocks; 
while Fouqud developed principally the crystallographical 
aspects of microscopic investigations, Michel-Ldvy devoted 
himself more to the microscopic study of the petrographical 
relations. In 1879, their conjoint work on the French Eruptive 
Rocks appeared in the form of an explanatory text to the 
detailed geological map of France. 

In this work MM. Fouque and Michel - Levy followed 
the general arrangement of the Microscopic Fhysiograpliy of 
Rosenbusch. The French authors distinguished original and 
secondary minerals in rocks ; the former are said to be present 
sometimes as essential, sometimes as accessory constituents; 
the secondary are sub-divided according to the time of their 
generation into two main groups, and these are again divided 
into sub-groups. The rocks are classified with respect to their 
origin, their geological age, their mineralogical composition, 
and their structure. The massive rocks of pre-Tertiary epochs 
are held distinct from those of Tertiary and recent ages, and 
certain differences are indicated between them. MM. Fouque 
and Michel-Ldvy recognise two leading types of structure among 
the massive crystalline rocks, the granitoid and trachytoid; 
these terms almost correspond to the use of the terms 
granular-crystalline, and porphyritic in the works of the 
German petrographers. 

The French authors bring into pre-eminence the mutual 
development attained by the several elements in the rocks. 
Their special study of this feature has led them to believe 
that.^many massive rocks give evidence of the generation of 
crystals or crystalline material in successive phases of consolida- 
tion. In both the granitoid and trachytoid types, the larger 
crystals are generated during the first phase of consolidation. 
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A second phase of consolidation is marked by the generation 
of smaller crystals of microlites or ,a microlitic ground-mass. 
The development of crystallites and ground-mass at this phase 
is limited to trachytoid rocks. 

In the case of granitoid rocks the consolidation is complete 
at the close of the second stage, but in the case of trachytoid 
rocks there follows still a third phase characterised by processes 
of alteration*in the crystals and matrix already formed, and by 
the constitution of a micro-felsitic, microlitic or glassy ground- 
mass. • 

For the identification of the individual rock-varieties MM. 
Fouqu^ and Levy regard the felspars of primary import- 
ance ; subordinate means of identification are afforded by the 
magnesia - iron silicates (mica, hornblende, augite, diallage, 
hypersth^ne, peridote). The work concludes with a detailed 
description of the rock-forming minerals. In France, the 
Fouque-Levy system has held an authoritative place in the 
teaching of petrography. 

A second edition of his Mikroskopische Physio graphie der 
petrogr aphis ch wichtigen Miner alrni was produced by Rosen- 
busch in 1885. Rosenbusch had practically re-writter^ this 
work, and made it an exhaustive compendium of all the results 
obtained by microscopical, crystallographical, and micro- 
chemical methods. The optical phenomena of crystallography 
were discussed with the utmost care. In the first edition 
Rosenbusch had advanced microscopical research by the intro- 
duction of new apparatus, in the second he was able to add 
many valuable mineralogical results of the improved means of 
research. He also gave full and precise instructions regarding 
the use of the microscopic methods, so that by following the 
directions given in this work any earnest student might become 
a proficient crystallographer and n^ineralogist. 

In 1888, Michel-Ldvy and Lacroix published Les Mineraux 
des Roches^ a work which provides an excellent general account 
of all the physical and optical properties of rock-forming 
minerals, and, like that of Rosenbusch, gives full directions 
for the optical examination of thin sections, and for all micro- 
chemical means of identifying mineral fragments. The French 
authors relied in many cases on the crystallographical investi- 
gations of Descloiseaux, and also incorporated many of the 
methods and results of Rosenbusch. 

Although Sorby had been the great pioneer of modern 
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petrography, the geologists Great Britain were not to the 
front in continuing and advancing the new line of research. 

It was not until Zirkel and Rosenbusch in Germany, and Fouqud, 
Michel-Levy, and Lacroix in France, had elaborated the new 
system of research, and spread its teaching in^the universities 
by their text-books, that Great Britain took a more animated 
part in the pursuit of petrography. r • 

In 1888, Mr. Frank Rutley published a book on Rock-forming 
Minerals, in which he described the optical and chemical 
properties displayed by the different minerals on microscopic 
investigation. In the same year a book on British Petrography 
was published by Mr. J. J. Harris Teall. The chief purpose of 
the handbook was to bring the newest methods and results 
of petrological research within the reach of a large circle of 
British students and geologists. The work deals jyith the 
eruptive rocks that occur in Great Britain ; it begins with a 
lucid discussion of ground-mass and the rock elements that can- 
not be mineralogically identified. Frequent reference is made 
to the investigations of Sorby and Vogelsang^ The chemical 
composition of the eruptive rocks is fully treated, having 
resp^t to the researches of Bunsen. In discussing rock- 
texture, Mr. Teall attributes great importance to the size and 
development of the individual mineral components. The 
features enumerated as valuable for the systematic arrange- 
ment of the rocks are (i) the chemical composition, (2) the 
mineralogical composition, (3) the texture, (4) the occurrence, 
(5) the origin, (6) the geological age, (7) the locality. As, 
however, the chemical composition cannot be judged from a 
hand-specimen, Mr. Teall applies the mineralogical composition 
as the primary means of classification, and uses texture^ for the 
differentiation of sub-groups. The work concludes with very 
valuable remarks on the origin and the metamorphoses of the 
crystalline massive rocks. 

During the same year Rosenbusch published a second edi- 
tion of his Mikroskopische Fhysiographie der massigen Gesteine. 
In this edition he entirely withdrew his former principle of 
classifying the rocks primarily on the basis of their mineralogi- 
cal composition. Laying down as a fundamental principle 
that .A natural classification of the rocks ought to reflect the 
genetic relations, Rosenbusch contended that rock-structure 
offered the most reliable basis for the construction of a natural 
system of the massive rocks. He pointed out that the struc- 
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ture of the eruptive rocks is dependent upon the conditions of 
their geological occurrence, and classified them accordingly in 
three chiergroups : deep-seated or “ plutonic rocks, intru- 
sive or ‘‘dyke” rocks, and eruptive flows or “sheets.” This 
new standpoint assumed by Rosenbusch re-acted upon the 
whole newer development of petrography. By subordinating 
in his new system all considerations of tl^e chemical and 
mineralogical composition, and the geological age, to the 
mode of occurrence of eruptive rocks im nature, Rosenbusch 
removed as it were the final jxidgment of petrography from 
the laboratory W:o the fleki. The petrographer was made to 
feel that the microscope and chemical re-agents were to be 
regarded as aids to field observations, but that systematic 
interest was to be concentrated upon the problems dealing 
with ro<ik-structure in its relation to particular conditions of 
stratigraphical occurrence. In this direction original research 
seemed to give most promise of enlightenment in the imme- 
diate future. 

Rosenbusch introduced a number of new descriptive terms, 
holocrystalfine, hemicrystalline, hypidiomorphic, panidio- 
morphic, etc., for the purpose of defining all structural njodifi- 
cations with scientific accuracy. According to Rosenbusch, 
the deep-seated eruptive rocks are all distinguished by holo- 
crystalline and hypidiomorphic granular structure. They have 
originated at great depths of the crust by slow processes of 
cooling and consolidation. He divides them into sub-groups 
which are based upon the presence and relative amount of 
quartz and felspar; in this respect, therefore, Rosenbusch 
adopted , the system of MM. Fouqud and Michel-Levy. 

Rosenbusch includes in his group of intrusive rocks those 
eruptive masses which occur in the form of typical dykes, yet 
are to be regarded, only as paigjiicular facies of deep-seated 
eruptive rocks, and may probably be associated with the latter 
in their genesis and their distribution in the crust. The intru- 
sive group is sub-divided into three series — a granitic, a 
syenitic, and a dioritic, whose characteristic types of structure 
are quite independent of their mineralogical composition. 

Porphyritic structure is said by Rosenbusch to be character- 
istic of eruptive sheets ; the constituents belong to at Jeast 
two successive generations. He thinks it probable that the 
older constituents represented by the larger crystalline ele- 
ments are intra telluric in origin, and may have formed at 
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great depths previously to surface eruption of the magma ; 
whereas the younger and minute mineral elements probably 
originated during the epoch of eruption. With the outflow 
of a glowing rock-magma at the surface, and the escape of the 
water vapours, the chemical constitution of tlie rock-material 
is charged. The structure of the ground-mass is holocrystal- 
line, hemicrystailine or glassy, according to the more rapid or 
slower cooling of tfee magma. * 

Rosenbusch sub-divides the rocks of eruptive flows into 
palmovolcanic (porphyry, porpfiyrite, augite porphyrite, mela- 
phyre, and picrite porphyrite) and neovolcanic (liparite, trachyte, 
phonolite, andesite, basalt, etc.). Some of the older flows, 
such as the diabase porphyrite and picrite porphyrite, resemble 
granitic-porphyritic intrusive rocks so closely that they seem to 
bear the same relationship to. them which the typical intrusive 
rocks bear to the plutonic or deep-seated masses. They may 
be distinguished from true eruptive flows by the absence of 
tuffs. 

The new classificatory scheme of Rosenbusch showed quite 
clearly that he had been strongly influenced by the views of 
Foil qud and Michel-Levy, and these two French petro- 
graphers felt it incumbent to declare the position they assumed 
towards it. In 1889, Michel-Levy discussed the work of 
Rosenbusch in a special memoir, agreeing with many of its 
principles, but disputing others. Regarding the sub-division 
of the eruptive rocks into deep-seated masses, intrusions, 
and flows. Levy points out that the intrusive group is quite 
artificial and untenable, as intrusions may either take the 
form of narrow vertical dykes or almost horizontal sheets or 
“sills.’’ He also contests the conclusion of Rosenbusch that 
only one generation of the crystalline constituents took place 
in the deep-seated rocks, •a group which almost precisely 
corresponded with the granitoid group of MM. Fouque and 
Levy.' ' ■ ■ • 

In Michel-Ldvy’s opinion, the geological aspects and associa- 
tions of the eruptive rocks, as well as the geological age, have 
too little connection with the structure of the rocks to provide 
a good basis of classification. Michel-Levy cites cases where 
rock's belonging to the “ deep-seated group ” of Rosenbusch, 
e.g., granite, ophite, and gabbro, occur in the form of eruptive 
sheets. According to Michel-Levy, the different types of 
structure in eruptive rocks are due to variations of temperature 
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and pressure, and the saturation the magma with gases and 
heated vapou»rs. The latter play the chief ro/e in the acid 
rocks, producing pegmatitic, micro-pegmatitic, and other 
structural types, and also determining a definite sequence of 
eruption. Ondhe other hand, the structure of the basic rocks 
depends almost exclusively on temperature, /.e., on the* greater 
or less rapidity of the process of cooling. • 

After this adverse criticism of the classification advanced by 
Rosenbusch, Michel-Levy proceeds to discuss the varieties 
of rock-structure, and shows the frequent agreement between 
the views of Rosenbusch' and his own; he also points out 
that the differences of nomenclature are more apparent than 
. real, and tries to bring the French and German terminology 
into harmony by means of a list of synonyms. In most cases, 
Michel-i^dvy claims the priority for his own terms. 

Only a few minerals come into question in the composi- 
tion of eruptive rocks. Fouque and Michel-Levy had classed 
these minerals as original and secondary, sub-dividing the 
secondary minerals in groups corresponding with the order of 
formation. According to Rosenbusch, there are just two 
fundamental laws controlling the order of formation — tlm one, 
that the magma is always more acid than the sum of the 
mineral constituents already solidified in it; and the other, that 
the separation of the elements which occur in less profusion 
has generally been concluded before the separation of the 
more richly distributed elements takes place. Michel-Ldvy 
questions the correctness of these laws, and makes an elaborate 
inquiry into the order of separation of the mineral con- 
stituents. He devises a code of symbols by which the 
structure, composition, and genesis of the massive rocks may 
be represented by a short formula ; and finally arrives at the 
conclusion that the classificatioft and the nomenclature of 
eruptive rocks must be kept free from any hypothesis re- 
garding their origin, and consequently that structure and 
mineralogical composition form the only basis of a rational 
classification. 

Zirkel assumed a similar standpoint in the second edition of 
his LeJirhiich der Fetrog 7 -aphie (1893-94). This large three- 
volume work is the only complete handbook of petrography. 
AllVarieties of eruptive, schistose, and sedimentary rocks are 
treated according to their macroscopic, microscopic, and 
chemical constitution, their structure, and their geological 
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occurrence. The diction is* clear, the previous literature of 
petrography has been completely mastered, and ks results are 
fully incorporated, the historical development of the different 
branches of the study being carefully indicated throughout the 
work. The lack of illustrations has been deplpred by many, 
but the.addition of plates would have rendered the work much 
more expensive. • 

The first volume begins with a detailed account of all 
methods of investigation applied in modern petrography. 
Rock-forming minerals are then described according to their 
morphological, optical, physical, and chemical properties so 
far as these are important for petrography. In discussing the 
structure of rocks, Zirkel frequently dissents from the 
terminology of Rosenbusch ; at the same time he endeavours 
to establish the terms which had been applied in kis own 
text-book. 

The special petrographical part of the work starts with the 
treatment of the massive rocks formed by the cooling and 
consolidation of molten magmas. The geological occurrence, 
the composition, the macroscopical and microscopical features 
of tl^ir structure, are elucidated. The difficult questions 
concerning ground-masses are then brought forward, and 
finally the laboratory experiments are described by means of 
which chemists and geologists have tried to produce different 
kinds of massive rocks artificially. 

Zirkel contests the principle of classification adopted by 
Rosenbusch, and adduces weighty arguments to show that the 
group of /‘intrusive” or “dyke” rocks is intenable. He 
adheres to the principle of mineralogical composition as the 
true basis of classification, and draws up a Classification Table 
on the same lines as he had followed in the first edition of 
his text-book. Zirkel’s sutT-divisions agree in many respects 
with those of Fouque and Michel- L^vy. Taking the felspathic 
constituents as the chief standard, Zirkel distinguishes two 
felspar-bearing groups, a potash-felspar group, and a soda-lime 
felspar group; also a third group, free from felspar, and 
comprising the nepheline, leucite, melilite rocks. 

Like Michel-Levy, Zirkel distinguishes two leading types of 
structure: t, uniformly granular; 2, porphyritic and. glassy 
rocks. Deep-seated rocks of various geological ages belong to 
the granular or granitic type ; while eruptive flows may be 
either porphyritic or glassy, and they may he sub-divided 
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according to age as pre-Tertiary fPalseovolcanic), and Tertiary 
and PosPTertnary (Neo volcanic). 

The second and third volumes of the text-book are devoted 
to an exhaustive description of the individual varieties of 
massive and schistose crystalline rocks and the sedimentary 
rocks. , 

Zirkel’s text-book will always remain a fundamental work 
in petrography. While the macroscopif: methods of the 
older teaching are still predominant in the first edition of the 
work, the second edition is*' at once a frank and full 
acknowledgment of the petrographical reform necessitated by 
microscopic and micro-chemical methods, and a convincing 
witness of the rapid and remarkable success which had 
crowned the labours of petrographers in the new field of 
researclf. 

During the last few years the discrepancy between the views 
of Zirkel and Rosenbusch has increased. Rosenbusch, in the 
third edition of his Physiographie der niassigefi Gesteine (1896), 
and also in his Pkmenste^i der Gesfefns/ehre (iSgS), has adhered 
to the standpoint which he assumed in 1888, and has rejected 
ZirkeFs objections. The differences between the two l( 5 ading 
German petrographers refer in no sense, however, to the 
methods of investigation, but expressly concern the inductive 
conclusions at which they have arrived regarding the genesis 
of the eruptive rocks, and the best system of classification. 
The rapid progress of petrography is one of the greatest 
acquisitions made to science during the latter half of the 
nineteenth century, and has elevated petrography to the rank 
of a thoroughly established branch of natural philosophy. 

As the microscope revealed more and more fully the fine 
structure and microscopic elements of rocks, the traditional 
conceptions of geologists regarding the origin of the rocks 
were gradually undermined. The old strife between Plutonists 
and Neptunists had collapsed when the Neptunists admitted 
the volcanic origin of basalt and the “ trap ’’ series of rocks. 
The handsome monograph published by C. C. von Leon- 
hard in 1832 had conclusively proved the agreement of 
basalt with true volcanic rocks, both in the geological 
occurrence of the basalt and in the contact phencfSnena 
produced at its margins. Thanks to the observations of 
Humboldt, Buch, Poulett-Scrope and others, not only was 
the volcanic origin of basalt, trachyte, trap, porphyry, mela- 
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phyre, phonolite, and related rocks generally recognised, 
but also Huttonian views respecting the plutcmic origin of 
the granite-grained massive rocks became more widely 
accepted. 

Nevertheless, new objections were raised against the 
pyrogei^etic origin of the granite-grained rocks. Keilhau 
asserted in his nvork on the “transitional foripations” of 
Norway that the gftinite in that area had originated from the 
conversion of clay slates. The Munich chemist, Johann 
Fuchs, in 1837 attacked the doctrine of pyrogenetic origin in 
a series of papers entitled Ueher die Theorien der Erie. He 
pointed out that fusion experiments had never succeeded in 
reproducing granitic rock artificially, even although individual 
elements of the rock had been obtained; further, minerals 
having different melting-points were present in gramte, yet 
these minerals had not consolidated from the magma in the 
order that corresponded with that of their fusibility, therefore 
he argued it was absolutely erroneous to suppose that granitic 
rock had formed merely as the result of sIqw cooling and 
consolidation. Fuchs advanced the view that granite, and the 
granitoid rocks generally, had consolidated from an amorphous 
magma saturated with water. 

In 1845, Schafhautl succeeded in reproducing quartz 
artificially by the application of superheated water in a Papin 
crucible, and this result seemed to confirm Fuchs’ views. On 
the other hand, Fournet, in 1844 and 1847, pointed out that 
there were certain conditions under which the fusing-points of 
substances were lowered to temperatures much below the 
points at which they usually solidified. In papers written 
about the same time, Durocher, referring for support to 
Fournet’s Theory of surftismi, supposes a mass of granite to 
be originally a homogeneous magma, which can remain fluid 
until the fusion temperature of felspar is almost reached. 
At about 1500'* C. the separation of felspar, quartz, and 
mica begins, and the different minerals solidify according to 
their tendency to crystallisation. Durocher thinks the later 
formation of quartz crystals might in this way be explained, 
since felspar passes more readily than quartz from the viscous 
to the solid state. 

Scheerer, the illustrious chemist and geologist, offered 
formidable objections to the purely pyrogenetic origin of 
granite in a memoir published in the Bulletm of the French 
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Geological Society in 1847. His cjiief arguments were: (i) the 
occurrence of separated quartz; this, according to Scbeerer, is 
impossible in the case of consolidation from a fluid mixture of 
silicates; (2) the order of succession in the separation of 
felspar and qu^ijtz ; Scheerer ascribes no weight to Fournet’s 
“surfusion” theory, which supposes that quartz can remain 
longer in solution than the more easily fusibk felspar, as this 
is a hypothesis which has not been tested*^ experimentally for 
silicate mixtures ; (3) the presence of so-called pyrognomic 
minerals (orthite, gadolinite), whose physical properties are 
altered at com^ratively low temperatures. 

Scheerer also drew attention to the fact that water is held 
in chemical combination with several of the constituents of 
granite. This water he regarded as originally present in the 
magma kom which the granite solidified. But if the magma, 
as might be safely assumed, was subjected to high pressure, 
which prevented the escape of the superheated water, then 
very probably the influence of the water might enable the 
granite magma cto remain fluid at temperatures much low'er 
than would be the case under the influence of dry heat. 
When solidification set in, the minerals with the strongest 
tendency to crystallise were the first to separate from the pasty 
granite mass, and the water concentrated itself in the remaining 
ground-mass, which always became more acid, and owing to 
the superfluity of water the separation of quartz and the 
pyrognomic minerals might under some circumstances be 
suspended until the temperature of the mass was below that 
of a red heat. 

Although Durocher still upheld the pyrogenetic origin of 
granite against the objections raised by Scheerer, the hydato- 
pyrogenetic or aquo-igneous doctrine ©f Scheerer rapidly gained 
ground in literature. Probably ^ts strongest antagonist was 
Bischof, whose explanation of the origin of granite, syenite, 
porphyry, and even basalt, showed a reversion to Neptunistic 
teaching. In the second volume of his Physical and Chemical 
Geology (1851), Bischof, after a full discussion of the rock- 
forming minerals, came to the conclusion that all except 
augite and leucite could take origin from aqueous solutions 
without increased temperature and under normal pressure, 
and that their origin from fused rock-masses was quite excep- 
tional Moreover, the resemblance between the composition 
of many eruptive rocks and that of certain sedimentary rocks 
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(slate, greywacke), as well a^ the interbedding of granite with 
gneiss and sedimentary schists, led Bischof to «agree with the 
opinion of Keilhau (1825) and Virlet d’Aoiist (1846), that 
granite and syenite represented altered clay slates. Diabase 
and even melaphyre and basalt were regarded by Bischof as 
shales and clays, poor in silica, and altered by the agency of 
water. 

C. W. C. Fuchs, in 1862, supported Bischof^s views in a 
valuable treatise on the mineralogical and chemical constb 
tution of the granite in the Harz mountains. He regarded 
the granite as a product of the alteration of sedimentary grey- 
wacke by means of water, hornstone being formed in the 
earlier phases of alteration, and granite during the later 
phases; these two rocks were connected by a transitional 
series of alteration products. 

A serious objection to the pyrogenetic origin of granite was 
advanced by H. Rose in 1859. He showed that after fusion 
quartz passes into an amorphous modification of silica, thereby 
changing its specific gravity from 2.6 to 2.2. As the quartz in 
granite and granitoid rocks always has a specific gravity of 
2.6, i^ seemed impossible to suppose it had merely separated 
from a dry fused mass. 

The aquo-igneous origin of granite suggested by Scheerer 
on theoretical grounds was soon to receive an experimental 
conformation. Struck by the peculiar changes which sedi- 
mentary deposits underwent in contact with, or in the near 
vicinity of, eruptive rocks, Professor Daubree attempted to 
show that neither heat alone, as Hutton had supposed, nor 
vapours and gases would suffice to call forth these changes, 
but that superheated water under great pressure was the most 
important agent in the meta morph ism of rocks. To prove this 
hypothesis, Daubree in 1857 conducted a series of very 
instructive experiments. A glass tube partially filled with 
water, and hermetically sealed at both ends, was placed in a 
strong iron tube, which was then closed and exposed to a 
temperature slightly below red heat. After a few days the 
glass tube was attacked; in parts of it a finely laminated 
structure was induced, and the whole tube was transformed 
into ar.zeolitic mineral, in virtue of the removal of silica, alumina 
and soda, and the addition of water. Innumerable small crystals 
of quartz formed; microlites and diopside crystallites developed 
in abundance in the less violently attacked parts of the tube, 
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£ind spherulitic structure was present in some places. In other 
experiments w4iere Daubree applied superheated steam, he 
obtained orthoclase and a micaceous substance. These ex- 
periments gave convincing evidence that the constituents of 
granite could be^of aquodgneous origin.* 

Almost simultaneously with Daubree’s investigations,^ Sorby 
was engaged in microscopic examination of ihin sections of 
granite. He demonstrated, in -1858, the presence of water 
vesicles in quartz, and concluded that the granite magma had 
been saturated with water and iiad solidified under great pres- 
sure at a temptoture not above a dull red glow. Delesse, 
in 1857, drew attention to the great differences between the 
phenomena of contact metamorphism produced by granite and 
those produced by lavas, and argued from his observations 
that the^granites had not solidified from a state of dry fusion, 
but from an eminently plastic magma, whose plasticity was due 
to the presence of water under high pressure. The theory of 
the aquo-igneous origin of granite, and of the granite-grained 
massive rocks gejnerally, began to win wider credence in geo- 
logical circles. 

The rapid progress made by microscopic research afte« the 
year i860 entirely disproved all theories which had assumed 
an aqueous origin for porphyritic rocks. Examination of 
thin sections showed conclusively that basalt, phonolite, 
trachyte, porphyry, etc., were identical in internal structure 
and composition with true volcanic lavas. Corroborative 
evidence was afforded by the experimental researches which 
were conducted, more especially in France, with such eminent 
success. The attempts to reproduce rock-forming minerals 
artificially proved that the majority of the constituents in the 
granitic rocks, such as quartz, orthoclase, microcline, potash 
mica, tourmaline, hornblende, coilld be solidified from fused 
materials by the admixture of water vapours, chlorine, and 
other solvents, whereas the minerals occurring in volcanic 
and porphyritic rocks, such as olivine, augite, enstatite, 
hypersthene, wollastonite, the plagioclase varieties, melilite, 
nepheline, leucite, magnesia mica, garnet, magnetite, spinel, 
haematite, tridymite, etc., could solidify from a state of dry 
fusion. • 

In the year 1878, the efforts of Fouque and Michel-Levy to 
reproduce eruptive rock without the aid of superheated water 
were at last successful. The chemical elements were placed in 
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a platinum crucible and fu^ed ; the fused mass was then sub- 
jected for forty-eight hours to a temperature nearly that of the 
fusing-point, the material being afterwards allowed to cool 
slowly. According to the ingredients that were introduced, 
consolidated rock-material agreed complet€;ly with certain 
augite-andesites, leucite and nepheline rocks, and contained 
the majority ofc the minerals composing these ^rocks in the 
form of well-devel©ped crystals. 

Inasmuch as these important results showed that the por- 
phyritic series of rocks could'" originate merely by the cooling 
of a molten magma, they tended to widen the gulf between 
the porphyritic and basaltic, and the granite-grained series. 
Favour was given to HuttoiYs assumption that the latter owed 
their distinctive characters to their subterraneous origin under 
great pressure, and the Huttonian conception was mf.de even 
more emphatic by Rosenbusch in his classification of 1886, 
Further confirmation w^as given by Gilbert’s description of 
intrusive masses of rock, so-called “laccolites” p. 274) 

between sedimentary strata in the Henry moiuitains ; and also 
by Reyer’s investigations on massive flows and local differences 
in tl>e mineralogical composition and the texture of the con- 
solidated rock. 

After the principle of the eruptive origin of the crystalline 
massive rocks had been firmly established, the interest of 
petrographers was directed to the investigation of the chemical 
constitution of the rock-magmas and the processes effecting 
their consolidation. The chemistry of rocks had been greatly 
advanced by the researches of ‘ Abich, Delesse, Bischof, 
and especially by Bunsen. As has been already mentioned 
p. 328), Bunsen concluded from his examination of the 
igneous rocks of Iceland that all the eruptive rocks of that 
island in their composition presented either a normal trachyte 
magma or a normal pyroxene magma, or a mixture of these 
two varieties of rock-magma in varying proportions. According 
to Bunsen, it is possible by means of a simple formula, being 
given the amount of silica present in such a mixed rock, to 
reckon the amount of the normal trachytic and normal pyro- 
xenic material present in the rock. Streng, Kjerulf, and others 
accepted Bunsen’s conclusions and tried to apply them gene- 
rally to all eruptive rocks. 

Sartorius von Waltershausen explained (1853) the chemical 
difference of the Iceland eruptive rocks, not upon Bunsen’s 
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theory of their origin from two diffepnt subterranean localities, 
but upon the assumption of their origin at different depths of 
the crust. He held as a general principle that subterraneaii 
magmas are distributed in the crust according to their specific 
weight, the lighter magmas rich in silica occupying the crust- 
cavities in the hi^er zones, the heavier basic magmas occurring 
at lower hoiizons. Durocher, in 1857,. gave a similar exf)lana- 
tion of the chemical and mineralogical differences in rock- 
magmas. 

Gn the other hand, Poulett-Sc^rope (1825), Darwin (1844), 
and Dana (1849^ attributed ^he varieties of eruptive rocks to 
the subsequent division and differentiation of a homogeneous 
primitive magma. Justus Roth (1869) also regarded all 
plutonic rocks as having been derived from a uniform 
primitive«magma, and explained their present differences of 
constitution as a result of the different rates of cooling, 
Iddings more recently remarked on the fundamental mineral- 
ogical affinity of the different rock varieties in an eruptive 
district, and compared such resemblances with the blood 
relationships of organisms. Although most geologists at the 
present day incline to the opinion that the different facias of 
eruptive rock represent portions of a single primitive magma, 
there is still great variance of opinion regarding the mode of 
division and differentiation. 

The experiments of Spallanzani, Hall, and Bischof showed 
that by means of regulating the process of cooling, or by 
the application of different degrees of pressure, fused silicate 
mixtures could be obtained in glassy, slaggy, or crystalline 
rock-form. By Daubrde’s experiments it was ascertained that 
the conditions requisite for the artificial reproduction of 
granite-grained eruptive rocks were a moderate temperature 
and the presence of water vapour Again, the experiments of 
Fouque and L^vy seemed to show that the younger eruptive 
flows with porphyritic structure had solidified slowly from an 
igneous magma. It has proved a very complex and difficult 
question to find out what determines the particular sequence 
in which the rock-forming minerals separate from a viscous 
magma. Fournet and Bunsen showed that the minerals by 
no means separated from the magma in the order of dieir 
fusing-points. After various attempts to solve the problem by 
direct methods, it was then approached indirectly: keeping in 
view the essential constituents of any particular rock, attempts 
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were made to separate froir^them any mineral elements which 
were foreign to the rock, or had come into the» magma before 
it solidified, and also all secondary elements which had formed 
after the consolidation of the rock during the processes of 
internal decomposition or interaction. ^ 

Excellent work has been done in this field of research by 
Rothj'Bischof, JDelesse, Zirkel, Broegger, and Iddings. 

Certain principles are usually inculcated regarding the 
sequence in which the minerals take origin during the passage 
of a magma from the viscousTo the solid state, but the prin- 
ciples are by no means always applicable, and have therefore 
frequently been contested. Minerals which have crystallised 
with the most complete and perfect form have usually been 
regarded as the first-formed, while those which appear to 
have been checked in their proper development by others, 
have been regarded as of later formation. Again, minerals 
that are enclosed within other minerals are usually taken to 
be older than the enveloping material, yet cases are cited 
where they are really younger, having separp,ted out from a 
portion of the magma enclosed within the developing mineral. 
Minerals without any inclusions for the most part belong to 
the first generation of solid material. If two minerals occur 
as intergrowths with one another, contemporaneous generation 
is indicated. In rocks with porphyritic structure the larger 
mineral forms are as a rule older than the ground-mass. 

It was in accordance with these principles that Fouque 
and Michel-Levy first distinguished different generations of 
minerals, and used the number of the mineral generations as a 
distinguishing feature between rocks of granitic and porphyritic 
structure. Through a large number of individual observations 
it has been possible to determine genetic series for the rock- 
forming minerals. Certaiis minerals, such as magnetite, 
titanite, rutile, apatite, zircon, spinel, olivine, belong generally 
to the earliest products of separation, preceding the augites, 
hornblendes, felspars, and quartz. Rosenbusch holds the 
opinion that in the deep-seated^ rocks, at any one interval of 
time, there is only one kind of mineral separated from the 
magma. The periods of formation for the different constituents 
succeed each other so that either those of one kind do not form 
until the complete separation of the preceding kind ; or much 
more frequently, a younger constituent in order, of separa- 
tion begins to form a certain time before the compJbtion of the 
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next oldest constituent. In general, solidification begins with 
the crystallisation of the ores and accessory constituents, then 
follows the formation of the coloured silicates (olivine, mica, 
augite, hornblende, etc.), then that of the felspathic minerals, 
and finally that of fre"e silica. In the rocks of eruptive flows 
the more basic constituents crystallise out before the less basic, 
so that at any period during the consolidation ^the sum df the 
constituents already crystallised out from tlr|? magma is more 
basic than the remaining portion of the magma. Mr. Teall 
assumes that in the rocks with a large or medium amount of 
silica, the dissok^ed constituents represent a so-called “eu- 
tectic ” mixture, and as such can remain unchanged at a 
temperature which is below their melting-point. But if they 
do not occur in the definite eutectic relations, the overplus 
of substr^ices continues to separate out until the eutectic 
mixture is attained. 

In an important memoir (1887) on the crystallisation of 
igneous rocks, Lagorio classified the porphyritic flows accord- 
ing to the amount of silica in five grades, and gave the results 
of chemical analyses of the ground-mass. Pie arrived at the 
conclusion that the separation of the minerals in an eruntive 
magma depends almost entirely on the chemical composition 
of the magma, as well as on the affinities and internal move- 
ments within the mass ; whereas pressure and high temperature 
exert only a subordinate influence. 

Iddings in 1889, in a paper on the same subject, expressed 
views in many respects similar to those of Lagorio, but 
ascribed greater importance to the influences of pressure and 
temperature in regulating the rate and processes of cooling; 
he thinks the local conditions of pressure and temperature 
mainly determine the structural differences which often exist 
at different portions of a continuous mass of eruptive rock, 
and explain why a superficial portion may display porphyritic 
structure while the deep-seated portion is granite-grained. 

There are abundant examples of transitional rock-varieties 
in eruptive bosses and sheets. As far back as 1852, Delesse 
showed that the Ballon d’ Alsace in the Vosges mountains 
consists of hornblendic granite in its central portion and its 
summit, but towards its peripheral portions passes into syenite 
and finally into diorite. More recently, in 1887, similar facts 
were demonstrated by Bairois in his brilliant account of the 
eruptive r<^'s in Brittany. The researches of Barrois have 
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already become classic; generally speaking, they go to show 
that the mineralogical character of the stotified rocks as 
affecting the conduction of heat and the relative pressures 
between the bedded rocks and the intruded igneous rock- 
material, influenced the subsequent processes^ of consolidation 
in the latter, and determined the orientation of crystals and 
the rnodificatiqns of structure. 

In many active, and extinct volcanoes, it would appear that 
the character of the ejected rock-material gradually alters with 
each successive eruption, so fhat the first and the last products 
of eruption represent the extremes of a petragraphical series. 
In the Rocky mountains, and in the Sierra Nevada, Baron von 
Richthofen (1868) recognised a definite sequence of propy- 
lite, andesite, trachyte, rhyolite, and basalt, and his observa- 
tions have since been confirmed by American geologists. The 
more recent works of Professor Broegger on the eruptive dis- 
trict of Southern Norway have extended the observations so 
ably initiated by Baron von Richthofen. Professor Broegger 
has given an admirable exposition of the eruptive rocks in 
that district with respect to their mineralogical, structural, 
and^ chemical constitution, their geological occurrence, their 
eruptive sequence, the division and differentiation of the 
original magma. 

In the year 1890, Professor Broegger contributed a paper 
to the Zeitschrift filr Krysiallographie und Minera/ogie, in 
which he sub-divided the eruptive rocks in the neighbourhood 
of Christiania into two chief series, an older and a younger, 
the younger containing only basic intrusive rocks (diabases), 
the older comprising very different acid and basic rocks, which 
may be again sub-divided into five groups according to their 
mineralogical and chemical composition. All the products of 
this older group form a transitional series of rocks passing 
petrographically into one another, and closely related chemi- 
cally. They have clearly proceeded from an originally con- 
tinuous molten ^mass which has been segmented, and has 
undergone differentiation into several rock-types. The oldest 
members of the genetic series are basic, the youngest strongly 
acid. In the opinion of Broegger, the original magma was an 
aquo-igneous solution of silicates, and rich in soda. Towards 
the close of the Devonian epoch, the first fissure eruptions 
took place, the magma being still fairly basic, and these were 
succeeded from time to time by outbreaks of increasingly acid 
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magma. The various magmas solidified sometimes under- 
ground as laccQlites, sometimes as dykes, sometimes as super- 
ficial flows, and induced contact-metamorphism of diverse 
characters. Broegger could not determine any definite 

sequence in the separation of the component minerals, but 

was able to add Inany observations bearing upon this point. 

A later publication by the same author js entitled TM 
Eniptive Roc^s of the Christiania District^ agid comprises two 
volumes. The first, published in 1894, is devoted to the 
rocks of the Grorudite - Tingus?ite series. Broegger thinks 
these take an intiermediate position between deep-seated bosses 
and eruptive flows, and represent members of a connected 
series of protrusions from the same magma, which either 

solidified underground in massive form or occupied crust- 
fissures. * 

The second volume, published in 1895, instituted a com- 
parison between the succession of eruptive rocks in the 
Christiania district and that in the eruptive district of Monzoni 
and Predazzo in South Tyrol. On the basis of his own 
observations in both districts, Broegger explains the famous 
Triasslc monzonite, granite, and hypersthenite as deep-seated 
laccolitic expansions of the eruptive flows in the same neigh- 
bourhood (melaphyre, augite, porphyrite, and plagioclase 
porphyrite), and views them as a series of differentiations 
from an originally uniform magma, analogous with the differ- 
entiations presented in the Christiania district. 

From the foregoing pages it is apparent that Rosenbusch, 
Broegger, Iddings, Williams, and others are inclined to 
minimise the petrographical contrast between the so-called 
plutonic and volcanic rocks, and to recognise in underground 
and superficial occurrences of eruptive rock only different 
facies of the same magma, consoiidated under different con- 
ditions. On the other hand, Zirkel (1893) strongly emphasised 
the differences between the granitic, deep-seated rocks and the 
porphyritic or glassy flows, and brings forward many objections 
to the laws enunciated by Rosenbusch regarding the succes- 
sive separation of minerals from fused masses. In general, 
petrographers may be said to be still actively investigating the 
ground-masses, in the study of which there are many problems 
awaiting solution. 

Microscopic researches have fully elucidated the composition 
and the origin of the sedimentary strata. There is no longer 
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any’differenee of opinion regarding the derivation of tlie rock- 
material coniposing stratified deposits— on the. one hand fiom 
the fragmented and finely triturated products of surface denuda- 
tion or from the chemical activities of infiltrating water m the 
crust, and on the other, from the accumulation of organic de- 
nosits. But the origin of gneisses and the crystalline schists is 
■still shrouded in mystery; much is known, but far more remains 
to be discovered. These rocks used to be regarded as the 
fundamental rocS-formation ' of the sedimentary succession; 
the lowest member of the group being usually gneiss or coarsely 
foliated and banded granitic rock, and the uppermost usual y 
nhyllite or finely foliated lustrous, slaty rock. In the eighteenth 
century, three leading hypotheses were promulgated in explana- 
tion of the origin of these rocks. One theory (supported by 
Bufibn, Breislak, and others) regarded the gneisses and the 
crystalline schists as the fundamental rocks of the earth s crust, 
the product of 'the first consolidation of molten rock material 
on the cooling surface of the earth; the Wernerian theory 
represented them as the oldest chemical precipitates from the 
primaeval aqueous envelope of the earth, possessing a crystalline 
texture in virtue of the high temperature at the earths surface 
in tlie primaeval epoch ; Hutton regarded them as normal 
sedimentary deposits, not necessarily of the_ primaeval epoch 
which had been carried to greater depths in the crust after 
their deposition, and there been melted, metamorphosed, and 
rendered crystalline by the combined influence of the earths 
internal heat and enormous crust-pressure. In his concep- 
tion of the relation of dynamic agencies to rock-deformation, 
Hutton was far ahead of his contemporaries,^ and the 
nineteenth century was well advanced before Darwin, Poulett- 
Scrope, Sharpe, and a few of the keenest observers began to 
apply the priLiple of dynamic agencies of deformation in the 
eLth’s crust. Beroldingen explained gneiss as ^generated 
granite. ‘ Although with certain modifications, each of these 
hypotheses claims supporters at the present day. , 

^In 1822 Ami Boud, in his geognostic description of Scodand, 
modified the Huttonian hypothesis in so far as he thought that 
in addition to subterranean heat and pressure, the action 0 
vapours and gases had played a part in the “L^ammphosis of 
- sedimentary deposits to crystallme rock. ^ ® f L 

■ geologist. Keilhau, in the following year advanced his view 
that a foliated structure had been superinduced upon crystal- 
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line schists, in common with most of the older massive rocks, 
by the agency of water, without the aid either of pressure or of 
increased temperature. During the years 1826-28, Studer and 
Elie de Beaumont made the observation in the Swiss and 
Savoy Alps that gneiss and micaceous schists repose upon 
unaltered sedimentary ^strata^ and that in certain crystalline 
schists fossils are 7 present which prove, them to belong to 
relatively young geological epochs. This discovery was a very 
great bloW ^tO the geologists who upheld the hypothesis of the 
, Archaean ,6r pre-Cambrian age' of all gneisses and schists. 
Studern suggest^ some time later (1855) that the transforma- 
;,tion pf^these schists had proceeded not outward from the lower 
horizons to the upper, but possibly inw^ard from younger and 
outer horizons of rock to deeper crust-levels. Hoffmann, who had 
in 1830 observed crystalline schists interbedded with conglomer- 
ates and coarse grits of the “transitional” series, advocated the 
view that the stratified grits and conglomerates represented un- 
altered patches, and the gneiss and schists represented altered 
portions of one ^nd the same geological formation. 

Lyell accepted the Huttonian hypothesis in its essential 
features, and the wide circulation of his principles ^gave 
Hutton’s teaching greater currency abroad. In addition to 
heat and pressure, Lyell thought electrical and other agencies 
might have combined to render the sedimentary structures 
semi-fluid, the rock material having then been re-arranged; 
traces of organisms disappeared, but the bedding-planes for 
the most part persisted. Lyell taught that gneiss and micaceous 
schist represented sandstones which had been altered by contact 
with eruptive rocks, argillaceous schists had been originally 
shales, and marble represented limestone that had been 
rendered crystalline. In accordance with the Huttonian 
doctrine that the high temperature had acted outward through 
the crust, the low^est schists and gneisses were said by Lyell 
to be those which had suffered the greatest degree of meta- 
morphism. At the same time, under certain circumstances 
, comparatively young deposits might be metamorphosed, and it 
could by no means be assumed that all crystalline schists must 
belong to the fundamental or Archsean rocks. It was Sir 
Charles Lyell who gave to the group of gneiss and crystalline 
schists the name of “ raetamorphic” rock, and the name was 
rapidly adopted in the special literature of geology and in 
text-books* ■ 

23 ■ 
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Elie de Beaumont was t^ie first to point out the contrast 
between widespread > or normal metamorphism and the contact 
metamorphism which was limited to smaller zones of rock, and 
especially to the contiguous parts of eruptive and sedimentary 
rocks. Daubr^e afterwards applied the term of regional meta- 
morphism to distinguish these processes which had acted 
throughout vast^regions of the crust and altered^ thick forma- 
tions of rock. 

One of the extreme Neptunists was Johann Fuchs, who 
explained the crystalline schists, gneiss, granitic and porphy- 
ritic rocks as segregation products from a 'Eatery or pasty 
material. The American geologist, Professor Dana, in 1843 
thought that the Huttonian doctrine did not attach sufficient 
importance to the agency of heated water in effecting rock- 
metamorphism. He compared gneiss with volcanic tuffs, and 
held the opinion that during invasions of granitic magma into 
the upper zones of the crust a granitic ash also escaped, and 
under the influence of superheated water became caked and 
cemented into the form of gneissose and .schistose rocks. 
J. Bischof, in several papers published between the years 1847 
and *1854, agreed with Keilhau in assuming that the oldest 
sediments were for a long time supersaturated with water, and 
that chemical changes had slowly altered their constitution, 
converting argillaceous sediments first into clay-slate, and by 
continuance of the chemical processes into micaceous schists. 

Scheerer contributed in 1847 a suggestive paper on the 
origin of gneiss, in wffiich he took the standpoint that it might 
be produced in various ways and from various rocks. He 
explained the gneiss of the Erz mountains as a rock that had 
been metamorphosed from sedimentary strata in sUu^ whereas 
the red gneiss during the time of its metamorphism had under- 
gone flow movements confparable to those of an eruptive 
magma. Again, in many cases gneiss was a fundamental 
Archaean rock representing a portion of the primaeval crust of 
the earth. Cotta also thought that most gneiss had formed 
part of the original crust, but he regarded the crystalline 
schists as the culminating result of a process of metamorphism 
undergone by all sedimentary rocks which had already been, 
or were now in process of being, covered by a thick mantle of 
younger deposits. The change, he thought, had been effected 
by heat and pressure, possibly in combination with water ; and 
although the crystalline schists were in many places now ex- 
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posed at the surface, they must havf; been subsequently elevated 
to that position, and the superincumbent rocks have been re- 
moved by denudation. Naumann supported the view that 
most gneiss and crystalline schists represented the oldest 
rock-sediments, ^but hq^, agreed with Poulett-Scrope, Darwin, 
Fournet, Cotta, and otlfers that many gneisses had beoii pro- 
duced by the^ deformation of eruptive rocks, ^nd those might 
be of different ages. A similar standpoint wSs afterwards taken 
by Kjerulf and by Lehmann, the author of an excellent work 
(1884) on the ancient crystalline schists, with special refer- 
ence to the metSmorphic rocks of the Erz mountains, Fichtel 
mountains, the mountains of Saxony and of the Bavarian and 
Bohemian frontiers. 

Delesse in 1861 declared himself an adherent of the meta- 
morphic •doctrines, and ascribed rock-metamorphism to high 
temperature, water, pressure, and molecular movements. In his 
opinion, after the first crust formed on the cooled surface of the 
earth-magma, it was violently attacked by the action of the con- 
densed vapours and afforded material for a great accumulation 
of sediments. The metamorphism of these oldest sediments 
produced gneiss and the crystalline schists, and these Could 
again become plastic and be transformed into plutonic rocks. 
Thus Delesse assumed the deep-seated granite series to have 
been produced by the re-melting and re-solidifying of meta- 
morphosed sediments. He was supported in this view by 
Daubrde (1857). According to DaubrCe, the first-formed crust 
was saturated with the water of the primitive ocean, and the 
mineral constituents of gneiss and the oldest crystalline schists 
separated out from a pulpy, softened mass. The younger schists 
(chlorite schist, mica schist, phyllite) of the primaeval mountain- 
systems were thought by DaubrCe to be pre-Cambrian deposits 
metamorphosed by pressure and su|)erheated water. The meta- 
morphism of the younger Alpine schists was also referred by 
Daubrde to the same influences. 

Sterry Hunt similarly held that the crystalline schists re- 
presented the earliest chemical deposits. He thought they 
owed their planes of schistosity to the contemporaneous effect 
of intense heat combined with the action of water and pressure. 
He tried to elucidate the chemical processes of separ^ion, 
to determine an order of deposition, and even to demon- 
strate that the eruptive rocks were also metamorphosed 
sediments, which after having been made plastic penetrated 
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the sediments above and assumed the form of eruptive massive 

microscopic examination of micaceous schist led S°rby 
(iSk6) to the assumption that it had originally been a shale 
and^ had been altered probably by tjjeans of water, high 
temperature, and crust pressure. He ^ 

structure as a fesult of mechanical pressuie. Hitmicock, 

i86r. also empha/.sed the action of 3,^,3 

Sir William Logan^s discovery, in 1867, of the thicR series 
of gneisses and schists forming the floor of the sedimentary 
succession in Labrador and Canada, gave for a time additional 
support to the view of the Archaean age o all metamorphic 
rocks • but every year stratigraphical researches_ weie^ bringing 
new facts to li^ht which could not harmonise with this simplei 
vl;w of one p&^ epoch of formation for the d-ystalhne 

^°^arkeM^^i 866 , made a complete resume of the literature on 

the subject of the metamorphic gneiss, ^^^hJ-.w^s 
criticism of the facts and arguments, concluded that is 

probably an original gneiss and a metamorphic gneiss. Water 
S S/ptetic n..B~ l»ve par.idp.ted m the fo— ° 
the former: it formed the first solid crust, and could; undei 

certain circumstances, especially in the harkther 

cranite partake of its eruptive character. Gneiss has cither 
faken orfgin from shales and grits by contact 
in the presence of heated water, or has arisen from the sub- 
terraneL transformation of sedimentary 

some simple processes of water-permeation, which have so lar 
eluded discovery. Zirkel also explains the origin of granulite 
and the other crystalline schists upon 

permeation, but he regards micaceous and chlontic schists 
and Dhvllites as metamorphosed sediments. ^ 

LossL initiated a new departure in the investigation _ of 
the metamorphic group, in so far as he succeeded “ ™ ^”8 
geologists with the high value of accurate field 

in assisting the solution of some /tmLs 

of metamorphism. During his examination of the launus 
mountains (1867), Lessen formed the opinion that most ot 
rt.rSystalline s^ists had originated as sedimentary strata 
containing a large amount of interstitial water, and had been 
cleaved aid altered by the action of strong dgiamic Pjessu ^ 
during the mountain-making movements. Gneiss and mica 
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schists had been, he thoi%ht, parts of the original granitic 
crust of coiiTOlidation, which had been similarly converted 
by pressure-metamorphism into banded, foliated, and cleaved 
rock-facies. Lessen subsequently examined and mapped the 
Harz mountaii:j.s geolc^ically, and found further confirmation 
of his theory of “dislocation metamorphism.” He demon- 
strated in the Harz mountains that the saiiie rocte which 
extended over wide regions as ordinary shsdy sediments could 
be traced into a zone of crust disturbance, where they became 
crystalline and schistose, and \fere split by planes of cleavage 
superinduced ffpon the rock-strata at various angles with the 
planes of stratification. Although Lossen’s work threw a new 
interest into phenomena of cleavage, the presence of cleavage- 
planes had long been known in certain rocks. As far back 
as the eighteenth century, Lasius and Voigt had drawn at- 
tention to the difference between the planes of stratification 
and planes of cleavage, but could not find any explanation. 
Sedgwick (1822 and 1835) suggested that the cleavage of rocks 
might be due |o the action of polar forces along a definite 
direction, causing orientation of crystals in that direction. 
J. Phillips, in 1843, a meeting of the British Association, 
pointed out the deformation of fossils in cleaved rocks, and 
thought cleavage was the result of a slow creep of the minute 
rock particles in a definite direction. An important observa- 
tion was made by the brothers Rogers, who showed, in 1837, 
that the cleavage-planes in the Alleghany mountains extended 
parallel with the main axis of upheaval of this mountain 
system, but in explanation they accepted Sedgwick’s theory 
of polar attraction. 

Almost simultaneously, the action of lateral pressure was 
suggested by two observers : in 1846 by Baur, an overseer 
of mines in Eschweiler, who explained the cleavage of the 
greywackes in the Rhine Province by this means; and 
in 1847 by D. Sharpe. Sorby in 1853 made pressure 
experiments, and succeeded in reproducing cleavage arti- 
ficially in different kinds of rock. His results were sup- 
ported by the later experiments of Tyndall (1856) and 
Daubree (1861). 

When, therefore, T.ossen from his actual field obserjfations 
drew the important conclusion that crust disturbance had been 
the chief agent in effecting cleavage metamorphism, he was in 
a position to refer to .the confirmatory evidence in favour of 
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dynamic action which had jpeen already afforded by experi- 

“TnlsS^TSw months after 7- 

hoH nnneared C. W. von Giimbel published his Geo^nosiic 
Description of the Eastern BavariarL Frontier Mountains. 
in it he trii to demonstrate that rgnerss and crystalline 
schist representad the oldest sediment which had separated 
out under peculi^^: conditions from a magma impregnated 
2h suoerheated water. Giimbel regarded the cleavage of 
mels and the crystalline schists in the Bavarian forest not 
irrsubsequent development, but as true stratification, and 
cor^paSd the succession of the gneiss and schist senes, as 
well^as the gradual transitions and frequent alteinations of 

The different^arieties, with the '^"PKibed 

observed in a series of sedimentary deposits. He described 
the occurrence of certain massive rocks, such as g^nite, 
sv^uf dimite, sometimes in regular alternation with the 
sneiss and schist, sometimes as intrusive bosses and dykes, 
fudging from the resemblance in the mineralpgical composi- 
tion^of^ll these massive rocks, Giimbel argued that the rock- 
matedal must in all cases have had a similar origin and 
concluded that there was an underground magma constituted 
like the primitive earth, and from which either sedimentary 
schisf and gneiss, or granitic bosses and layers, could develop. 

Justus Roth who was one of the founders of the Gerrnan 

Geological Soc’iety, was an ardent ^^r^dTctf S 

all gneissose and schistose rocks represented the products ot 
Se first consolidation of the crust. In his work on General 
Chemical Geology, 

his death Roth gave an unfavourable criticism of all theories 
wlfiS advocated subsequent rock -deformation and meta- 
morphism. He contended rthat the compact structure of 
gneiLes and schists, the absence of any amorphous or glassy 
Iround-mass, together with the mineralogical composition, aie 

features which indicate a plutonic, ^ &e 

bent and cleaved character was attributed by him to toe 
contraction of the earth and the consequent strains acting 
during the formation of the series. ^ ^ i 

Maly geologists were, however, finding in the field amp 
confirmation of Lossen’s explanation of the 
mation of rocks. The well-known the 

Baltzer on the Swiss Alps, of Renard on the rocks of the 
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Ardennes, and of Lapworth on^the north-west Highlands, 
revealed man)^ new and highly interesting subjects of research 
in connection with dynamo-metamorphism. 

Johann Lehmann, in the work mentioned above (p. 355), 
accepted the views of ^Lessen, and demonstrated the effects 
of ‘‘dislocation meta%iorphism ” from a large number of 
excellent illustrations of microscopic rock-septions. Accord- . 
ing to Lehnfann, the metamorphic rocks may be arranged in 
two groups. One comprises the various modifications of 
gneiss, granulite, felsite, and hornblendic schist which have 
originated as r#ck-material consolidated from molten magma, 
and have received their characteristic foliate structure from ■ 
the action of pressures before solidification had been com- 
pleted. He advocated the plutonic origin of this group upon 
the assumption that there is in the crust a corresponding 
rock-magma, the source of the deep-seated eruptive rocks, 
granite, syenite, diorite, gabbro, and that these rocks are con- 
nected with the gneiss group by a complete series of transitional 
modifications. 

The other group comprises the remaining crystalline schists, 
gneissic schist, micaceous schist, chloritic schist, talcose schist, 
phyllites, etc. These have been produced by “dislocation 
metamorphism” carried out in very high degrees. In the 
case of gneissic schist the original rock-material, while under- 
going the processes of metamorphism, has been invaded 
by, or impregnated with, granitic injections, but the series 
of typical schists have been metamorphosed without any 
injection of foreign magma. The original character of the 
rock-material is, according to Lehmann, not always demon- 
strable, but he thinks it abundantly evident that the meta- 
morphic series is intimately associated in the field both with 
fragmental or clastic deposits gnd with rocks of igneous 
origin, Lehmann insisted that it was erroneous to attribute 
the metamorphic schists to a definite, pre-Cambrian geological 
epoch; it was in his opinion far more probable that they 
belonged to the different epochs during which extensive 
mountain-movements had been in progress. Professor Barrois 
in 1884 likewise showed that the schists and gneisses in 
Brittany, which had been regarded as pre-Cambrian, ^really 
represented metamorphosed sedimentary deposits belonging to 
various Palaeozoic epochs. 

The involved stratigraphical problem presented by the 
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extensive district of regional^ metamorpliism in the north-west 
of Scotland had meantime been brilliantly ^elucidated by 
Professor Lapworth. Messrs, Peach and Plorne, together with 
other members of the Geological Survey, were continuing the 
work of mapping and research in the i^w light that had been 
thrown on the problem by Lapworthte demonstration of the 
great crust-niovQtments of overthrust, and the associated meta- 
morphism of portions of the Cambro-Silurian deposits. It 
was securely determined in that district of regional metamor- 
phism that there was fundamental gneiss at the base of the 
whole sedimentary succession, and also metarmorphic gneiss 
representing sedimentary rocks of the oldest Paleozoic epochs 
which had been locally altered during the gigantic crust-move- 
ments. The altered and unaltered deposits dovetailed into 
one another with complicated stratigraphical relations.s^ 

The conclusive results of the work done in the north-west 
Highlands of Scotland were of the highest importance for the 
general questions in dispute regarding the causes and processes 
of metamorphism. In more recent years, Mr. Barrow has 
shown the presence of eruptive bosses of gneiss as well as of 
granite, and has traced numerous veins of pegmatite passing 
from these bosses into the group of crystalline schists. 

The last fifteen years of the nineteenth century witnessed 
very great advances in our knowledge of rock-deformation 
and metamorphism. It has been found that there is no 
geological epoch whose * sedimentary deposits have been 
wholly safeguarded from metamorphic changes, and as this 
broad fact has come to be realised, it has proved most un- 
settling and has necessitated a revision of the stratigraphy of 
many districts in the light of the new possibilities. The 
newer researches scarcely recognise any theory; they are 
directed rather to the empirica-1 method of obtaining all possible 
information regarding microscopic and field evidences of the 
passage from metamorphic to igneous rocks, and from meta- 
morphic to sedimentary rocks. The present views held by 
the leading German petrographers, Rosenbusch and Zirkel, 
may be in conclusion shortly indicated, as they will give a 
fair representation of the existing progressive and conservative 
tendencies regarding the difficult questions of pressure-meta- 
morphisra. 

Rosenbusch has strongly advocated the origin of the crystal- 
line schists through dynamo-metamotphic agencies. In a 
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paper written in 1889 he does ipt confine the metamorphic 
action of mountain-movements to sedimentary formations, but 
in common with Lehmann he regards gneiss, hornblendic 
schist, and other crystalline schists as eruptive rocks (granite, 
syenite, diorite) in W|bich planes of schistosity have been 
developed under the 'influences of pressure and stretching. 
Rosenbusch does not believe it possible that ihe fundamental 
gneisses and"*schists could have originated chemical precipi- 
tates from a primseval ocean, or any primaeval mixture of 
rock-material and superheated® water. As he further points 
out, the idea lifis been exploded that schistosity is a feature 
peculiar to Archaean rocks, it may indeed be possessed by 
young-Tertiary rocks. From the general distribution and 
stratigraphical position of the “fundamental” series, Rosen- 
busch c^rncludes that it represents in its deeper horizons the 
first consolidated crust. He thinks the agreement in the 
mineralogical composition, as well as the interleaving of the 
Archaean gneisses and schists with the oldest eruptive rocks, 
would seem to indicate that the Archaean foliated rocks have 
at least in part originated from the same magma as deep-seated 
plutonic rocks. But whereas in the case of the granite-grained 
bosses of rock there is internal evidence that the minerals had 
separated from the magma in a definite order according to 
chemical laws, this is quite lacking in the gneissose and 
schistose rocks, which rather indicate that consolidation had 
been controlled by mechanical pressure. 

In chemical respects the crystalline schists agree sometimes 
with massive eruptive rocks, sometimes with sedimentary 
rocks, and in all probability they have originated from various 
rocks, from deep-seated and eruptive masses, from intrusive 
and superficial eruptive flows, from eruptive tuffs, and from 
all kinds of stratified deposits, t According to Rosenbusch, 
dynamo- metamorphism is the active principle that produces 
the banded and finely foliated forms of rock-structure. 

In his Ehmenis of Petrology (1898) Rosenbusch defines the 
crystalline schists as “eruptive or sedimentary rocks which have 
been geologically transformed through the essential co-opera- 
tion of geo-dynamic phenomena.” He distinguishes the 
“fundamental” series as an independent primeval formation, 
and describes the younger schists as local facies of different 
rock-varieties and not confined to any geological epoch. 

- Credner and Zirkel take exception to these views in certain 
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Doints They admit the Qonversion of certain granites to 
^nrissoid rocks, but do not agree that dynamo-metamorphism 
harhad any part in the origin of the true Archiean gneisses 
and Sists Credner finds it difficult to understand how such 
a uniform succession as is presented by the fundamental 
crystalline rocks in the ancient mounAan-systems could have 
been the product of variable and accidental processes of 

""'ztrkel TrL^aSon ^t^ffie fe that the typical funda- 
metS rocksand even the yobnger schists « 

show only very slight traces of mountain-pressffire, and on tl e 
otlw hand sedirnentary rocks have often suffered gigantic 
Siomc dfstutonces .nd p.ess™s, a«d , el toe not been 
“etosed in their original constitution. The petrographi- 
cal researches of Professor Salomon have during thedast few 
tirrattracted considerable attention. Professor Salomoii has 
inStSated the contact phenomena associated _ with _ deep- 
seated eruptive rocks in the Alps, inore especially in the 
Adatnello group, and has shown that different kmds of rocks 
have throughout long distances been altered by contact meta- 
morpffism into crystalline schists. On the basis of his ob- 
SSons in the Adamello, in the Cima d’Asta, and Predanzo 
districts, and in other parts of the f’P®’ 

that the eranite-grained bosses of the Tyrol Central Alps are 
not as Pfoegger concluded, of Triassic age but were intruded 
in the Tertiary epoch. The magmas solidified in the form of 
Zeolites and batholites, and as the form of the intruded 
maSial frequently varied in its relatmn to the crystalline 
schists during its cooling and contraction, Professor Salomon 
thinks it possible that the latest Alpine upheaval may have 

been induced by such variations and the consequent disturb- 

^“SthtugrthXpSh^^^ dynamo-metamorphism has now 
very numerous adherents, many questions regarding the oiigin 
of the fundamental and the younger schistose rocks have yet 
to be solved before the principles of rnetamorphism can be 
securely defined, and as the subject is still under discussion, it 
is not well suited for historical interpretation. 


t . 

CHAPTER V. 

PALEONTOLOGY. 

After William^Smith, Alexandre Brongniart, and Cuvier had 
disclosed to geologists the significance that attached to fossils 
as organic relics characteristic of successive geological epochs, 
some of the most enlightened scientific men of the day shared 
the increiased interest in the study of fossils, and, greatly to the 
advantage of this branch of research, directed their genius to 
the examination, identification, and classification of fossils in 
the light of comparison with the existing plant and animal 
world. Blumenbach, Cuvier, Lamarck, Schlotheim, and others 
applied the scientific methods of Zoology, Comparative Ana- 
tomy, and Botany to the investigation of the remains of fossil 
organisms. A knowledge of fossil remains was no longer 
viewed as the hobby of a few dilettantes, but at the chief seats 
of learning was elevated to the rank of an independent mental 
discipline in the scientific curriculum. The new science was 
given the name of “Palaeontology” almost simultaneously by 
two eminent authors, Ducrotay de Plain ville and Fischer von 
Waldheim (1834), and the~ name was rapidly adopted in 
France and England, although in Germany the older terms 
“ Petrefaktenkunde ” and “ Petrefaktologie ” held their place 
for many decades. 

Two directions were from the fkst apparent in palaeontologi- 
cal research — a stratigraphical and a biological. Stratigraphers 
wished from palaeontology mainly confirmation regarding the 
true order or relative age of zones of rock deposits in the field. 
Biologists had, theoretically at least, the more genuine interest 
in fossil organisms as individual forms of life; for the biologist 
or student of existing life the supreme value of palaeontology 
was the evidence it might bring towards the solution gf the 
problems of the genesis and evolution of living forms, deter- 
mination of species and genera, variation of types in its rela- 
tion to climatic conditions, distribution of types in respect of 
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geographical provinces, many other fascinating subjects 
for scientific thought and investigation. 

The stratigraphical aspect of palaeontology is, however, the 
chief care of the geologist. He has to unearth the fossils, 
note their environment, trace the particular fossiliferous bed 
of deposit in its farther extension, a^d observe whether the 
fossils *^are onlytof sporadic occurrence in that horizon of 
rock, or are distrib(t;jted throughout wide areas; again, whether 
the fossils are less frequent at that horizon than at some other 
horizon a little above or a littfe below in the rock-succession, 
or if the fossils are so very abundant at tha^^* horizon as to 
represent leading fossil types, characteristic of that geological 
horizon or zone of rock. 

Many writers on fossil organisms have treated them merely 
as a means of identifying the age of the rocks, Siod have 
neglected the biological features. More general interest is com- 
manded by descriptions of complete faunas and floras belonging 
to a definite epoch in the geological history of the earth. 
Although monographs of this character are, in the first 
instance, of stratigraphical value, the data which they bring 
forward are of use in determining the development of organic 
creation. 

The iirst attempt at a Chronological Succession of fossil 
organisms is to be found in H. G. Bronn’s^ Lethma Geognostica 
(1S35-38). This work is a masterpiece of scholarship; it sum- 

^ Heinrich Georg Bronn, born on the 3rd March 1800, at Ziegelhausen, 
near Heidelberg, the son of a forester, studied in Heidelberg, and became 
a university tutor there in 1821 ; in 1S28 Professor of Zoology and Tech- 
nology. Between 1824 and 1827 he travelled in Upper Italy and Southern 
France for the sake of palcvontological and geological studies. From 
1830-62 he was one of the co-editors of ihe/alirbuck fiir Mineralogic, 
Geogizosie^ und Pa-ceoniologie. I|is chief works, the Lethm Geognostica^ 
the Handbook of Natural Hisiofyyiho. Investigation mto the Developmental 
Laws of Organised Nature^ hxon^t mm the reputation of being the most 
distinguished palaeontologist in Germany. His difficulty of hearing was 
a decided drawback to liis teaching powers. Wissmann, Lorn me), G. 
Schweinfurth, and Zittel are among his grateful scholars. Bronn died in 
1862 in Fleidelberg, from lung disease. The first volume of the Letlum 
appeared in 1835, and was so widely circulated that a second 
edition of it was called for before the publication of the second volume — 
the latter was published in 1838. A third edition in three volumes, and 
with i'24 plates, was published between 1851 and 1856, with the co-opera- 
tion of Ferdinand Roemer, who had undertaken the preparation of the 
Palaeo-Letbsea or Carboniferous Period. A fourth edition was begun in 
1876 by Roemer, and is at present being continued by Professor Freeh. 
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marises all that was previously known about stratigraphy and 
palaeontology.^ The most important fossil types of all the geo- 
logical formations are shown on the forty-seven folio plates, 
and the text gives careful descriptions of the fossils and their 
occurrence.', i 

The Leth(^a Geo^mica was follo\ved in 1848-49, by an 
Index PaImo^tologi€a^ in which Bronn was assisted by Goeppert 
and H. von Meyer. Both these work;^ exerted a great 
influence on the development of paleontology, and were for 
several decades the chief books^ of reference for all the more 
comprehensive* paleontological works. Several other large 
works were published in the early part of the nineteenth cen- 
tury p among others, the Mineral Conchology of Great Britain^ 
by the Sowerbys, between 1812 and 1845 {ante^ p. 13 1); 
the splendid series of plates, by 

Goldfuss^ and Count Mimster; the Paliontoiogia Fran^aise^ 
by Alcide TOrbigny (1840-55). Goldfuss and Munster ^ 
intended to produce an illustrative work of all the 
invertebrate fo^^sils occurring in Germany, but apparently 
found the scheme too extensive, and concluded the work after 
the sponges, corals, crinoids, echinids, and a part of the fossil 
mollusca had been accomplished. D’Orbigny also gave up 
his similar scheme of an exhaustive illustrated account of all 
the fossil Invertebrates in France; he brought to completion 
monographs of the Jurassic and Cretaceous Cephalopods, 
Gastropods, the Cretaceous Lamellibranchs, Brachiopods, and 
Bryozoa, and certain groups of the Cretaceous Echinids. 

In the first volume of the Elementary Course of Falceontology 
a fid Straiigraf Ideal Geology D’Orbigny gave a short 

systematic summary of fossil organisms. The Brodro 7 ne of 
PaIceo7itology z. list of the fossil Mollusca, Sponges, and 
Foraminifera arranged according 1:0 the geological epochs, but 
the list is much less complete than Bronn’s Palceontological 
Ifidex, 

^ Georg August Goldfnss, born 1782 at Thurnau, near Bayreuth; 
studied in Erlangen, graduated there in 1804, in 1S18 was made Professor 
of Zoology in Erlangen, but was soon after called to Bonn University as 
Professor of Zoology and Mineralogy ; died 1848, in Bonn. 

Count George Miinster, born 1776 of a Hanoverian family, hej^l office 
as a Bavarian Chamberlain, and lived in Bayreuth, where he died in 1844. 
His famous collection of fossils was procured by the Bavarian State and 
removed to Munich, where it formed the nucleus of the present Pakeonto- 
logical Museum, • 
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The Palaeontographical Society was established in London 
in the year 1847 the purpose of illustrating and describing 
the whole of the British Fossil Species. The work it has 
accomplished is most praiseworthy. Each year has seen the 
publication of a volume containing npnographs by the first 
specialists. Among the contributor^**^ have been Richard 
Owen, H. Milne-Edwards, E. Forbes, T. Qavidson, H. 
Woodward, Ray !feankester, Traquair, Nicholson, Lap worth, 
Hinde, and many others whose names have a world-wide 
repute in connection with their special researches of animal 
groups. The publications of the Palseontogrliphical Society 
undoubtedly take the first place in the literature of fossils, 
although the monographs are confined to British fossils. A 
more universal character is presented by the volumes of 
the FaicBontographica^ a periodical which was commenced in 
1846 by W, Dunker and H. von Meyer. For the last three 
decades the Falceoniographica has been conducted by K. von 
Zittel, and now numbers forty-six volumes. Similar palseonto- 
graphical journals have been instituted in Austria-Hungary, 
France, and Italy. 

Some of the more important works which treat fossils rather 
from their biological than their stratigraphical standpoint are 
Buckland’s Afineralogy and Geology (1836), G. A. Mantell’s 
Medals of Creatmi (1844), and the excellent Trait k elhne?itaire 
de Faleo 7 iiologie^ published by F. J. Pictet at Paris (1844-46). 
Buckland’s widely-circulated book was translated into German 
by the elder Agassiz. In the short geological introduction, 
Buckland impresses upon the reader the confirmation given 
by the geological record to the words of Holy Writ; then 
follows an attractively written account of fossil organisms, in 
the course of which frequent reference is made to the modes 
of life of the various animal groups, and to the relations 
subsisting between, the fossil and living representatives of 
organised existences. 

PicteP treated palaeontology as an essential part of the studies 

^ Frangois Jules Pictet, born on the 27th September 1809, scion of an 
aristocratic family in Geneva. He studied Law and Science at the Geneva 
Academy, and went in 1830 to Paris, where he associated much with 
Cuvier, Geoffrey Saint-Hilaire, Plain ville, and Audouin. In 1833 he 
returned to Geneva, interested himself chiefly in entomology and Compara- 
tive Anatomy, and married Miss de la Rive, a grand-daughter of Necker 
de Saussure. In 1835, Pictet was appointed Professor of Zoology at the 
Academy, but retired in 1859, in order to dcv^ote himself wholly to his 
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of Zoology, Comparative Anatom]^ and Botany. He confined 
himself in I3S6 treatise to fossil animals, and adhered to 
a strict systematic order throughout his work, constantly 
keeping in view the characteristics of the corresponding living 
forms. At the same ^me, the geological occurrence of the 
fossils is nowhere omitted. In his treatment of the Mollusca 
and Echinoderms, Pictet agrees as a rule with D’Orl)igny’s 
views ; in cla*ssifying the Vertebrates he relies chiefly upon the 
works of Cuvier and Agassiz. Pictet’s work was taken as a 
model for a number of text-bobks which rapidly made their 
appearance, Principles of Falmonfology^ by H. B. Geinitz 
(1846), keeps closely to Pictet’s order and treatment of the 
subject; C. G. Giebel’s Palceontology (1852) is merely a short 
summary, his unfinished Fauna of the Fast (1847-56) is a 
diligently compiled enumeration of all known Vertebrates, 
Cephalopods, and Arthropods. A large number of new 
observations and illustrations are contained in F. A. 
Quenstedt’s well-known account of fossils, Fetrefahtenkunde 
(Tubingen, 1852). The work had passed through three 
editions in 1885, and for more than three decades was the 
chief handbook of palaeontology used by the German students. 
Quenstedt’s larger work, Fetrefahtenkunde Deutschlands^ with 
two hundred and eighteen plates, was published at intervals 
between 1846 and 1878. As a collective book of reference on 
the Vertebrate fossils found in Germany, it is indispensable in 
paleontological libraries. Sir Richard Owen’s Palceontology 
(i860) provides an excellent general survey of the Vertebrate 
animals, but the Invertebrates are insufficiently treated. 

The systematic direction of paleontology was until i860 
under the influence of Cuvier’s theory of the invariability of 
species. Lamarck’s bold hypotheses regarding the transmuta- 
tion and descent of organic forma remained almost neglected 
by paleontologists, although H. G. Bronn, Quenstedt, and a 
few others had no belief in the fixed invariability of species, 
nor in the sharp distinctions drawn between successive periods 
of creation supposed to have been separated from one another 

palceontological labours, and the direction of the Natural History Museum. 
Between 1866 and 1S68 he became Rector of the Geneva Acadenp^, and 
was at the same time a member of the Council of Education for the 
Zurich Polytechnic School ; he also took an active part in political life, 
was a member of the Grand Council of Geneva, and of the National 
Council in Bern. He di^d qnjhe 15th March 1872. 
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by great earth -cataclysms^ Otherwise palaeontological re- 
search between 1820 and i860 made remarkable advances. 
Innumerable new forms were brought to light by zealous strati- 
graphers during their field surveys; while the museums were 
rapidly extending their collections, and^ affording ready oppor- 
tunities to the younger minds of assiAiilating^the broad facts 
and tendencies ^f palaeontological investigations. 

Schlotheim had<in 1804 laid the ground- work of a knowledge 
of fossil plants, and Count von Sternberg ^ worthily continued 
these pioneer labours. His chief work, Atiempt at a Geognostic 
Botanic Representation of the Flora of the Fast (1820-32), 
describes two hundred fossil species of plants, and is illustrated 
by sixty splendid folio plates. Sternberg tried to insert the 
fossil species into the botanical system of existing floras, 
applied names correspondingly to the fossil species, .^^and dis- 
carded the old names under which the fossil forms had been 
known. He accomplished much for the proper botanical sig- 
nificance of fossil floras, and paved the way for a scientific 
treatment of palseophytology. 

A year after the appearance of the first part of Sternberg’s 
work, Adolphe Brongniart 2 began his celebrated studies in 
fossil plants. 

Like Sternberg, Brongniart also consistently carried out the 
examination and description of fossil plants strictly on lines of 
comparison with living plant-forms, and he arrived at similar 
results. Brongniart had at his disposal much more extensive 
material of observation than his German contemporary. His 
first Treatise on the Classification and Distribution of Fossil 
Flafits is therefore the most complete and most scientific 
summary of all the fossil plants known before the year of 
its publication, 1822. A large, richly illustrated work, whose 
contents were made known -'in a preliminary Prodrome^ was 
intended to form a fuller supplement to the earlier treatise, 
but unfortunately was never completed, and contains only the 

Kaspar Maria, Count von Sternberg, born 6th January 1761 at 
Serovvitz (Bohemia), belonged to an old family, was president of the 
Bohemian National Museum, to which he bequeathed his library and 
collections ; died 20th December 1838. 

Adolphe Theodore Brongniart, born 1801 in Paris, the son of the 
famous’ geologist, Alexandre Brongniart, studied medicine, but occupied 
himself chiefly with botany ; was in 1833 appointed Professor of Botany 
at the Botanical Garden, in 1852 General Inspector of the University of 
France ; died on the 19th February 1876, in Paris. 
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monographic description of a large part of the Cryptogams. 
Nevertheless, ^the unfinished worS created a model of the best 
methods of palseophytological investigation. 

Although an adherent of Cuvier’s theory, Brongniart pointed 
out the gradual development of the floras in successive geo- 
logical periods, find tho^^ht that the atmosphere, which had been 
in the earliest epochs vmrm and moist and supersaturated with 
carbonic acid gas, became purer and cold^ in course of time, 
and less suitable for the lavish development of vascular crypto- 
gams. According to Brongniart, plant-life began on small 
islands in th^ primaeval ocean ; these islands afterwards 
united to continents, and the vegetation that spread over 
them always progressed towards more perfect types, and 
approached more nearly to the flora of the present epoch. 
He thoijght that the great changes in the floras and faunas of 
past ages had been effected contemporaneously by stupendous 
revolutions. 

Peculiar results were obtained by J. Bindley and W. Hutton 
in their study of the fossil flora of Great Britain. Their un- 
finished work, 'consisting of three octavo volumes, was published 
between 1831 and 1837, contains good descriptions and 
illustrations of most of the Carboniferous types. Both authors 
contest the existence of tree-ferns in the Carboniferous forma- 
tion, doubt the relationship of the Calamites to the Equisetaceje, 
and are of opinion that the Carboniferous flora included not 
only Conifers, but Cacti, Euphorbias, and other dicotyledons. 
They altogether deny a progressive development of the fossil 
floras. 

Brongniart and his predecessors had identified the fossil 
forms exclusively from microscopic features : the finer 
structures came little into consideration. A new field of 
research was opened by several pjipers which gave an account 
of the microscopic structure of wood. One of the earliest was 
an essay by Sprengel (1828) on the silicified stems of trees 
(Psaronites). This was followed in 1831 by Witham’s treatise 
on the structure of fossil and recent woods, and in 1832 by 
Cotta’s richly illustrated work on the tree-ferns (various species 
of Psaronius) from the Red Underlyer or Lower Dyassic rocks of 
Saxony. An important work was published by August Corda 
between the years 1838 and 1842 on the comparative structure 
of fossil and recent stems. The illustrations of this work were 
admirably drawn by the author himself. The memoir in 1839 

24 
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by Brongniart on the structure of Lepidodendron, Sigillaria, 
and Stigmaria is still treasured as a model of accurate methods 
of observation. His chronological summary of the periods of 
vegetation, and of the different floras according to their success 
sive appearance on the face of the earth, is the first and most 
complete compilation of the fossil flora/; 

The'numerou^ and valuable phytological works of H. R. 
Goeppert^ extend ^over half a century, from 1S34 to 1884, 
No other scientific man has been such a prolific writer on fossil 
plants, and there is scarcely any domain in fossil botany which 
has not come under Goepperds special invep*tigations. His 
monographs on the genera of fossil plants (i 84 1-46), on the 
Tertiary floras of Silesia and Java, on fossil ferns (1836), and 
conifers (1850), as well as his excellent researches on the micro- 
scopic structure of fossil woods, coal and brown-gpal, are 
among the best contributions that have been made to the 
knowledge of fossil vegetations. 

In comparison with the flora of the older geological periods 
that of the Tertiary period was for a long time little investigated, 
but about the middle of the nineteenth century several works 
were devoted to this period. Franz Unger, Professor of 
Botany and Zoology in Graz, published between 1841 and 
1847 the Chloris Frotogwa, in which more than one hundred 
and twenty new species of Tertiary plants are described, illus- 
trated, and classified under genera still existing. 

In a second work on the flora of Sotzka, a great number 
of fossil Tertiary plants are represented on forty-seven folio 
plates, and the Sylloge planfarimi fossilium (1860-66) con- 
tains descriptions and illustrations of three hundred and 
. twenty-seven Tertiary species. The Synopsis of fossil plants 
(1845), of which a second edition appeared in 1855, provides a 
summary of the whole of phyto-palseontological material, and it 
was accompanied by the well-known series of coloured plates 
which Unger designed to convey an impression of the charac- 
teristic appearance presented by the successive floras in the 
world’s history. 

Alexander Braun (1845) made a special study of the remains 
of Tertiary plants found near Oeningen in Switzerland. The 

^ H^nrich Robert Goeppert, born 1800, at Sprottau in Lower Silesia, 
Doctor of Medicine, was originally a pharmaceutical chemist j in 1827 
University Tutor, in 1831 Professor of Botany in Breslau ; died i8th May 
1884. 
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ZilriGh ' botanist, Oswald Heer,\%s made his name famous by 
the admirable® comparative researches which he carried out on 
the flora of Qeningen and other North Alpine localities. His 
first palaeontological works reach as far back as 1847. His 
masterpiece apneared between 1855 and 1859, Tertiary 
Flora of Switzer la?id^ Jp two volumes, wherein no less than 
nine hundred species, for the most . part rtew species, are 
described; one hundred and fifty-five pMes illustrated the 
work. 

His scholarly mind and wide knowledge of his subject 
enabled Heer th reconstruct in the ablest manner the different 
floras of the Tertiary epoch, to compare them with those of 
other Tertiary districts and of the present, and to discover by 
this means what had been the temperature and other climatic 
conditioMS during the growth of the successive Tertiary floras. 

The results of these important researches were afterwards 
published in the form of a popular scientific work, The 
Primeval World of Switzerland (1864), and roused great 
interest in a wj^de circle of readers. Another fundamental 
work by O. Heer treats the fossil flora of the Arctic regions. j, 

It consists of several independent treatises written in different h 

languages; the whole work comprises seven quarto volumes, f 

which were published between 1869 and 1884. The Flora j 

Arctica forms not only an important contribution to the 
systematic knowledge of fossil floras, but is a work of the i 

highest geological value on account of its inferences regarding j 

the earlier climates of Arctic regions. j 

Heer advocates the view of a gradual approach of fossil ■ 1 

floras to living creation, and a progressive differentiation and I 

perfecting of all organised forms. He thinks the innate ; 

tendency of the organic world towards higher evolution was 1 

implanted in it by the Creator, arid that evolution takes place ; 

in accordance with immutable laws. In his opinion, the | 

variations of species and genera were not accomplished, as 
Darwin supposes, by means of slow modifications in the \ 

^ Oswald Heer, born 31st August 1809, at Niederutzwyl in Canton St | 

Gallen, the son of the Protestant pastor, studied Theology in Halle, and i 

graduated, but in 1834 accepted a university tutorship at Zurich University ; f 

in 1852 was appointed Professor in the same University, and afterwarcfe held 
also a Professorship in the Polytechnic Academy of Zurich. In 1852 he ' ; 

spent eight months in Madeira on account of lung weakness; in 1870 the 
old weakness broke out afresh, and on 27th September 1883 he died in • 

Zurich. • I 
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course of countless genera|,ions, but at definite periods of 
creation, by means of a more or less complete M-modellin_g of 
Se previously existing species in the plant and animal 

’''The°’ numerous, and in some cases^ beautifully illustrated 
works of Abramo Massalongo (betxveen 1^5° i86i) 

elucidate the Tertiary floras of upper and middle Italy. 
ASier voluminous writer on Tertiary floras was Baron von 
SShausen^ His first works discuss the Tertiary plants 
of the Vienna basin and the fdssil Protcaceaj. 

A method of securing a natural impression of leaves was 
about this time discovered in the Government 1 anting 0 icc 
at Vienna, and Ettingshausen immediately had the method 
‘adapted to facilitate scientific researches of recent and fossil 
tvoes of venation. In a memoir published 1854, 
Ettin'^shausen showed the importance of leaf-venatmn for the 
systematic identification of isolated fossil leaves, and ^ggested 
\ snecial terminology for the nervation of leaves. His large 
\vnrk is a haiidsomely-prepared account of Austrian plants 111 
six TOlumI^‘, PImiolpia Plantarum Austriacarum, illustrated 
by natural impressions of the leaves. Pokorny collaborated 
with Ettingshausen in the preparation of this work, which was 
exhibited at the Paris Exhibition in the year 1867. Several 
independent monographs by Ettingshausen succeeded this 
work and methods which he initiated have added very greatly 
to the security with which fossil leaves may be identified. 
Ett ngshausen followed Heer in constantly making a com- 
mrisOT between recent and fossil forms, but, unlike Heer, he 
was an enthusiastic believer in the Darwinian theory 

'^^Meanwhile the knowledge of Carboniferous floras being 
from Tn e to time enriched. W. C. Williamson contributed 
several works (1851-68) on the Carboniferous flora of Great 
Britain ; that of North America was being carefully examined 
hv Sir William Dawson and Leo Lesquereux. . , 

^The first complete enumeration of palffiophytological material 

and in 1871 Prtfe^or of Botany at Graz University; he died at Graz 

in 1897. 
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is found in the Traitk de J^adcontologie vegetate (Paris, 

1 869-74)5 by® Philipp Schimper, who was Director of the 
Museum in Strasburg, and a Professor in the University. 
Schimper handled the material essentially from a botanical 
standpoint, hn% was afco an admirable exponent of the geo- 
logical relations and sigiihcance of fossil plants. 

August Schenk, for a long time (1868-^1) Professor of 
Botany in Leipzig, exerted a very greiJs; influence on the 
advance of pal^ophytology in Germany.. His detailed works 
were devoted to an invesfigatfon of tlie flora of the French 
Keuper, and m^re especially to the plant forms from the passage- 
beds between the Keuper and Lias. These appeared before 
1868, while Schenk was still Professor of Botany in Wurzburg. 
After his removal to Leipzig he came more into touch with 
Berlin influences, and he undertook the investigation of the 
large collection of fossil floras which had been brought from 
China by Baron von Richthofen and Count Szechenyi. Other 
materials examined by him were the silicified woods from the 
Nubian sandstones, fossil wood from Cairo, the plant remains 
from the Muschelkalk of Recoaro and from the Weald forma- 
tion of England. 

While all these were of the nature of special researches, a 
w^ork of more general interest is Schenk’s systematic treatment 
of the fossil plants in T\\x€t% Handbook of Palceontology. After 
the death of Schimper, who had only completed the crypto- 
gams and cycads, Schenk undertook in 1881 the continua- 
tion of this work. By means of the critical method which he 
carried out uniformly throughout his classification of flowering 
plants in Zittel’s handbook, and from which the works of the 
highest authorities, such as Unger, Heer, Von Ettingshausen, 
and Saporta, were not spared, Schenk practically initiated a 
reform in palaeophytology. He showed how many of the fossil 
genera and species had been based on insufficient grounds of 
distinction, and how often miserably preserved fossil remains, 
whose identification was impossible, had been used for the 
erection of new genera or made the basis of some wonderful 
new hypothesis. Many of the special papers on fossil plants 
had been contributed by authors with insufficient botanical 
training, and were in consequence an untrustworthy fouodation 
for any inductive reasoning regarding the past periods of 
vegetation and their climatic conditions, 

Schenk was also ve^y dubious about the value of Ettings- 
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hausen^s application of leaf-nervation as a means of identifying 
fossil leaves, since the course of the leading bundles sometimes 
showed the greatest variability within smaller and larger groups, 
sometimes on the contrary showed scarcely any differences. 
The shapes of the leaves could, in opinion, at the most 
be used only as a specific feature of^ distincbon. To these 
inherent difficulties in systematic botany was added the fact 
that in the case of Jthe fossil types it was ciuite exceptional to 
hiid leaves, flowers, and fruits embedded in the same localities 
in such a way as to demonstrate their original association with 
one another ; and the want of caution displayed by many 
inquirers had created a mass of palasophytological literature 
which for scientific purposes was little more than useless ballast 
to be discarded. 

Schenk fearlessly and patiently carried out the task of sifting 
the valuable results from the worthless, and by his precise 
and comprehensive knowledge of living forms he brought the 
scattered information regarding extinct forms into line with the 
most recent aspects of botanical science; his classificatory 
treatment of fossil floras is now adopted by the best 
authorities. 

Schenk was a warm supporter of Darwin’s theory of 
descent. His remarks on the genealogical relationships of the 
different fossil groups of plants and the modifications and 
variations of the ancient floras are of unusual interest. No 
less suggestive are his inferences regarding the climates of 
former ages and the general character of the vegetation. 
Schenk’s views on such subjects frequently differ from those 
of Ettingshausen and Heer. 

The Marquis of Saporta (1823*95), the head of a noble 
family, devoted all his leisure to the study of botany, and in 
i860 began to interest himself especially in fossil plants. His 
writings are among the most valuable descriptions that have 
been given of fossil floras. They deal largely with the rich 
Tertiary floras of Southern France. He described the famous 
flora in the gypsum beds of Aix, in the Lower Eocene travertine 
deposits of Sezanne (1865), in the marls of Gelinden (1873), 
and in the Pliocene deposits of Meximieux (1876). Saporta 
was al^o the author of several successful popular works,^ which 

^ The most widely circulated of Saporta’s books are 77 ie World of Plants 
before the Appearance of Man (Paris, 1881 and 1885) and The PalmntO' 
logical Origin of Trees (Paris, 1888). 
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elucidate the developmental phases of the floras of past time 
in the sense ctf the theory of evolution. 

In his Cours de la Botamque fossile (Paris, i 88 i-' 85 ), M. B. 
Renault describes the fossil cycads, cordaites, sigillarias, lepido- 
dendrons, stigmarias, ^erns, and conifers. His classification 
adheres closely'to the systematic arrangement of living plants. 
The same plant-grou]^, together with thalbphytes, mosses, 
calamarias, and equisetes, are ably desscj^bed in a German 
work which appeared about the same time, Einleiiung in 
die Falmophytologie^ by Count -von Solms-Laubach (Leipzig, 
1887). • ^ 

Upon the whole, botanists have always taken a more im- 
portant part than geologists in the advance of palaeophytology, 
and in recent years the purely botanical treatment has become 
even mpre predominant. The severe strictures passed by 
Schenk on the uncritical palaeontological papers that appeared 
so numerously in the middle of the last century have had their 
influence; now the author of a paper on any department of 
palseophytology is expected to have a sound knowledge of 
systematic botany. 

It cannot be said that palaeozoology has yet arrived at this 
desirable standpoint. Just as palaeophytology has come to be 
regarded and treated scientifically as a branch of botany in the 
only true and wide sense, so should palaeontology be regarded 
as a branch of zoology in its wide sense. But while the 
greatest scientific successes have been achieved by those re- 
search students who have treated their particular subject from 
this wider aspect, we find in the universities that palaeontology 
is often relegated to the care of a geological specialist. Cuvier 
and Lamarck in France, and Richard Owen, Wallace, Huxley, 
Ray Lankester, Alleyne Nicholson have been brilliant ex- 
ponents in Great Britain of the* higher and wider scope of 
zoology. But comparatively few individuals have such a 
thorough grasp of zoological and geological knowledge as to 
enable them to treat palaeontological researches worthily, and 
there has accumulated a dead weight of stratigraphical-palaeonto- 
logical literature wherein the fossil remains of animals are 
named and pigeon-holed solely as an additional ticket of the 
age of a rock-deposit, with a wilful disregard of the. much 
more difficult problem of their relationships in the long chain 
of existence. 

The terminology whigh has been introduced in the innumer* 
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able monographs of special, fossil faunas in the majority of 
cases makes only the slenderest pretext of ai^’ connection 
with recent systematic zoology ; if there is a dithculty, then 
strati"raphical arguments are made the basis of a solution. 
Zoolo“gical students are. as a rule, tooT; actively engaged and 
keenly interested in building up new orbservations to attempt 
to spcfl through the arbitrary pakcontological ^ conclusions 
arrived at by manjfc- straligraphers, or to revise their labours 
from a zoological point of view. _ , . 

Until the sixth decade of the nineteenth century the 
exact description of genera and species rec&ived the chief 
attention in the literature both of zoology and stratigraphical 
pateontology. The individual faunas and floras of the past 
time were regarded by the adherents of the Catastrophal 
Theory as creations quite distinct from one anothcF>, whose 
order of succession and whose mutual relations it was the 
first duty of stratigraphy and pateontology to determine. In 
a prize essay of the Paris Academy, entitled “Investigations of 
the developmental laws of the organic world during the period 
of formation of our Earth’s Surface” (Stuttgart, 1858), H. G. 
Bronn has supplied a valuable compendium of all the known 
palteontological material and the distribution of the fossils in 

the different strata. _ _ , , *1 • „r 

In this work Bronn criticises unfavourably the theories oi 
creation and development advanced by Lamarck, Geoffrey 
Saint-Hilaire, Oken, Grant, and others. He adnuts that 
modifications of organic forms may produce racial distinctions, 
but regards as fallacious, or at least wholly hypothetical, the 
^eneraiio (cquimca^ the gradual modification of species, the 
descent of all younger forms from older, as well as the evolu- 
tion of more highly-perfected organisms from those on a lower 
platform of organisation. He assumes a creative force which 
not only brought forth the first organisms, but had continued 
during subsequent geological epochs to the present age, and 
had worked independently of chance circumstances and accord- 
ing to a definite plan. The unity of this plan was the basis 
of the apparent relationships between the types of successive 
creations ; as certain types became extinct, others were created 
of similar but more perfect design to replace the gap m the 
organic world. Thus, by repeated substitutions, as Sedgwick, 
Hugh Miller, Brongniart, and Agassiz had already advocated, 
Bronn tries to explain the universaV tendency in animate 
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creation towards the improvem^^ of the type. Bronn recog- 
nises the frec^uency of so-callm “mixed forms'’ uniting in 
themselves features whichf subsequently are distributed and 
specialised in different related genera or families, but he takes 
such forms to be incoi^rovertible evidence of the law of the 
introduction of Improve:^ forms. 

As far back as 1849, E. Agassiz had distingukhed progressive, 
prophetic, "synthetic, and embryonic types^mong fossil organ- 
isms, and had attributed great importance to the prophetic 
and embryonic types as fore-funners and signs of coming 
changes in the organised relations. A similar conception was 
afterwards conveyed by Richard Owen in his definition of 
“plan-forms” or “archetypes.” 

Both Agassiz and Bronn gave particular attention to the 
grades of differentiation and complexity, and to the systematic 
rank of an animal type, and enunciated fundamental principles 
of animal organisation. In 1854, Edward Forbes for the first 
time in literature pointed out the significance of degeneration, 
or retrogression of types, as shown in certain groups of animals. 

According tolBronn, two fundamental principles have guided 
the whole succession of organisms from the oldest geological 
period to the present time: first, an extensive and intensive 
productive-force continually increasing in power ; and second, 
the nature and the variations of the external conditions. With 
remarkable skill and ingenuity, Bronn elucidates the circum- 
stances and events upon which the activity of the productive 
force is dependent, as well as the varying conditions of the 
atmosphere, the climate, the distribution of land and water, 
the configuration of the successive land surfaces in the past 
ages, and the influence of the varying conditions on the 
animate creation. He infers from these considerations the 
law of terripetal developnmif. From a primseval ocean rose 
cliffs, islands, and continents ; the fauna of a universal ocean 
was succeeded by the first settlement of land animals and 
plants ; as the islands and continents increased in size, and 
denudation altered their surfaces, new conditions of existence 
were provided for terrestrial and fresh-water inhabitants, and 
more complex correlations and differentiations of parts were 
rendered possible. The faunas and floras of the oldgr geo- 
logical periods bore a tropical impress : the temperature cooled 
very slowly, and as the conditions approached more nearly to 
those of the present age, the strange-looking orders, families, 
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genera, and species of the earlier ages gradually became ex- 
tinct and were replaced by those of to-day. « 

But whereas Cuvier, Agassiz. D’Orb.gny, and other sup- 
Dorters of the Catastrophal Theory had supposed the faunas 
and floras of any one geological period to be ^sharply defined 
from those of the foregoing and succeeding ages and in feet 
to have no species in common, Bronn insisted that a smaller 
or larger number Qsf genera and species passed from one age 
to the next, and have been in a measure connecting intermediate 
links. The creation of new types and the extinction of old 
types had not been confined to a few “daysA’ or “penods^ 
of creation associated with great earth catastrophes, but had 
been continually and quietly going on as a consequence of the 
changes in the external conditions of existence which had 
Len likewise continuously in progress during th^ whole 
eeolo'^ical history of the earth. At the same time Bronn 
dlowed that certain surface changes had been the cause of 
more far-reaching variations of form than others. The period 
of existence tha? had been assigned to the fossil species was 
extremely unequal; as a rule, however, it had been vejy long. 
The limits of the geological horizons, ^ 

neither in palteontological nor in geographical or lithological 
respect absolutely sharp, but are frequently more or less m- 

The able arguments of Bronn opened up a series of ques- 
tions which until his time had either been entirely neglected by 
paleontologists, or had never benefited by a frank and lucid 
expression of their difficulties. Bronn’s teaching was in close 
harmony with Charles Lyell’s doctrine of the uniformitanan 
development of the earth ; more especially Bronn s insistence 
upon the continuity in the processes of _ change, and his scien- 
tific demonstration of transitional species and genera bridging 
the supposed gaps in the paleontological and stratigraphica 
succession provided a stepping-stone for the accepfence_ of 
Darwin’s grander principles. When, m the year 1859, Darwin s 
epochal work On the Origin of Sfmes by means of ^aiwal 
Selection appeared, it was Bronn who was one of the fi s 
Germany to recognise it as the outcome of an extraordinaiy 
genius,, ^and he immediately translated the work into the 

“"rpSSn, in .866, of E,„s. HnecKoV, .vo* on 

General Morphology was the lirst p;*aclical application or 
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Darwin’s theory to zoological classificationj and it exerted 
a widespread* influence both in^extending the knowledge of 
Darwin’s leading principles and in demonstrating the great 
superiority of a scheme of classification based upon these 
principles over J;he m^iny artificial schemes which had been 
previously proposed cm the basis of recurrent earth cata- 
strophes, or on that ot repeated exhibitions of the creative 
force and thS working of inscrutable laws. ^ 

A decade after the publication of the Origin of Species^ 
Darwin’s theory of descent wsis almost universally accepted 
as the most natural basis of classification in all the domains 
of the science of animal organisms. Darwin’s conception of 
the origin #f species could not fail to enhance the interest of 
palaeontology. That study was realised to be no longer merely 
descriptive and comparative, or the means of bringing useful 
material to the sciences of botany and zoology, but a branch 
of knowledge to be studied for its own intrinsic interest. 

The greatest likelihood of solving some of the obscure 
problems of the origin and extinction of species lay with the 
palaeontologist, %ince the rich material at his command, ex- 
tending through many successive ages, comprised the record 
of the incoming and outgoing of countless types of life. The 
origin, geological development, gradual modification, differ- 
entiation, improvement or degeneration of the individual 
groups of the animal and plant kingdom, the genealogical 
relations of the primaeval and recent organisms, the phylogeny 
of the plant and animal world, the relations between the 
developmental history (ontogeny) of the single individual, 
and the history of descent (phylogeny) of the family, order, 
and class to which the individual belongs, are questions which 
can be answered either exclusively by palaeontology or only 
with its assistance. * 

With Darwin begins the modern period of palaeontological 
research. Numerous and important evidences were brought 
forward in favour of the doctrine of descent The continuous 
series of forms, which can be followed through several strati- 
graphical horizons and formations with greater and less 
variations, the occurrence of mixed and embryonic types, 
the parallels of ontogeny with the chronological succession 
of related fossil forms (biogenetic principle of Haeckel), the 
similarity in the general impress of the fossil floras and jfaunas 
next each other in age, the agreement in the geographical 
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distribution of the existing organisms and their fossil ancestors, 
as well as many other facts, are only comprehensible on the 
' assumption of the doctrine of transmutation. _ „ ■ n 

Pateontology has taken an active part since 1S70 in the 
establishment of the theory of desceifc^, and at the present 
day pliylogenetic problems are regarded “ 
charms in paleontological research. Ihe cbaiactc o 
palaeontological literature has been correspondingly modified , 
S pmely stratigraphical treatment of paheonto ogical results 
has teen held more and mofe distinct from the biological- 
systematic treatment, and the latter 

direction of research more and more m the foregiound. Ihc 
literature has been so extensively increased, and has been 
contributed in so many different languages^ and often cir- 
culated in so few copies, that very great difiiculties rtand m 
the way of obtaining a complete general survey of ns results 
The older text-books of Broun. D’Orbigny, 

Giebel Nicholson, and others were rapidly out of date, and 
were partially designed only to meet the requirements of 

"^^^TxTHandbuch der Palmnfologh of Karl A-v^on Zittel, the 
botanical part of which was written by ^V. Schimper and 
A. Schenk endeavours to provide a genei^l survey of 
Dalseontolo-^ical subject-matter in harmony with the modern 
standpoint of zoology. The original intention of the author 
So comprise Patoology in one volume but as he woA 
proceeded it extended to four thick volumes, and the 

Lmpletion of the work occupied sJu^to 

The chapter on fossil insects was contributed by S. hcudCer 
Throu'^hout the entire work a primary object has been to 
point out the close relationships between pateontology and 
the other branches of biological science (Zoo ogy, Comparative 
Anatomy, Botany, Embryology), and to make application 
odSSo-y of the data acquired by those sciences The 
subject-matler is therefore arranged in strict 
and the enumeration of each particular group^ 
preceded by an introduction elucidating the mam features 0 
SfSnisation. The histological structures are described in 
much^dlL detail than in any of the former text-books of 
Pateontoloi^y. In the special systematic portion, all well- 
founded geLra are accepted and described, the doub ful 
genera afe eliminated or only briefly mentioned. Ihe 
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systematic account of each larger group of forms is followed 
by a brief sketch of the geofogical distribution and the 
phytogeny of the foregoing forms. Importance is given to the ^ 
data which afford evidence of the genetic connection of the 
members of individuaji branches, classes, orders, and families ; 
but the representation is kept free from bias towards one 
direction of thought %r another. Where pal^eontol&gy can 
bring forward no evidences in favour ^of the doctrine of 
evolution, or where considerable gaps occur in the palaeonto- 
logical sequence and seem to speak rather for the opposite 
views, the authors have consistently endeavoured to set forth 
the actual facts with full impartiality. 

Zittel’s Hafidbooh has served as a model for nearly all the 
more recently published smaller text-books, such as those of 
Hoerne^ (1884), Steinmann-Doderlein (1890), Bernard (1895), 
Zittel (1895), and Smith-Woodward (1898). 

Two works of very great interest have been added to 
geological and palaeontological science by Neumayr.^ The 
one is his Erdgeschichte^ and is full of original and suggestive 
conceptions ; the other is his Sidmmen des Thierreichs^ which 
unfortunately remained unfinished. The published portion, 
which comprises the groups of the Protozoa, Coelenterata, 
Echinodermata, and Molluscoida, introduces many new points 
of view, and will have a permanent value both for palaeontology 
and zoology. 

Probably the most influential disciple and exponent of the 
theory of descent was the great English zoologist, Thomas 
Huxley. Cope in America, Gaudry in France, and Haeckel 
in Germany are zoologists who have likewise been in the fore- 
front of the new teaching. 

Huxley’s palaeontological works, like those of Gaudry and 
Cope, are mostly devoted to the vertebrate animals, and are 
distinguished by his remarkable acuteness of observation and 
his genius for inductive combination. His determination of 

^ Melchior Nenmayr, born in Munich on the 24th October 1845, the 
son of a high state official, studied in Munich and Heidelberg; after he 
graduated, he entered in 1S68 the Imperial Geological Survey Department 
at Vienna, and contributed several special papers on the geology of various 
areas of Hungary, Transylvania, and North Tyrol; in 1872 became a 
University tutor in Heidelberg, but in 1873 u^as , called to Vienna to he 
Professor of Paloeontology, a chair which had been founded especially for 
him. In the midst of his labours, he died on the 29th January 1890, of 
heart disease, .* 
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the aenealosy of the horse^^his elucidation of the genetic 
relations of birds and reptiles, his memoir on CTOSsopterygia 
are among the classical productions of paleontological and 
zoological science. The works of Gaudry deal with the 
genealogical relations of the different Masses of anima s and 
their descent from primeval ancestors, and are written so 
convincingly, and with such elegance ot style, that they have 
roused an interest .^or palaeontology in the widest circles. 
Scientific interest is chiefly concentrated upon his_ admirable 
contributions to the genealogies of the fossil Vertebrates. 

E D. Cope,i together with Herbert Spencer, imy be regarded 
as' the head of the Neo-Lamarckian School, which has a strong 
foothold in North America. In opposition to Darwin, the 
gradual changes in the organic creation are not explained as 
the result of natural selection, but chiefly attributedn to the 
influence of use and disuse of parts, and also to the influence 
of the external environment, such as the supply of nourishment, 
climatic conditions, mechanical agencies, etc. Upon these 
principles Cope has attempted to explain the Kineto genesis ex 
gradual evolution and modification of the skele^l stractures 
and teeth of Vertebrates. More recent work by H. F. Osborn, 
carried out in accordance with Cope’s conceptions, has attained 

a certain success. , . 1 - a 

Amidst the very large number of special memoirs and books 

\^’hich treat individual sub-divisions and groups of fossil animals, 
it is only possible here to single out those which have exerted a 
marked influence upon the progress of systematic pateozoology. 
or on the phylogenetic relations of fossil faunas. 

1 Edward Drinker Cope, born 1840 in Philadelphia, belonged to an old 
and wealthy family ; as a boy he was fond of travel, and at nineteen yeMS 
of age he published a valuable zoological memoir on Batrachians. On the 
concision of his studies in Philadelphia he made a journey to, Europe in 
186'; to become acquainted with the European museums. In 1864 
iiepted the Tost of Professor of Comparative Anatomy at Haverfed 
r' -hnt V.P r£=‘<;ifrned it in 1867. From 1865 onward, Cope devoted 

his tune chiefly to the study of fossil Vertebrates, and partly at his own 

expense, pSlyVs a member of the Hayden and Wheeler Expeditions h^. 
made explorinsf tours in search of material through Kansas, Colorado, 
WvominI New Mexico, and Texas, at the same time producing a laige 
.. ZhToi mmnoirs. In 1889 he was appointed Professor ° Geofegy an 
T'jMineralogy at the Academy in Pennsylvania; ^ 

1897. ms large collection of fos.sil Mammalia was secured by the 

American Museum in New York. ^ , 

‘■2 The works mentioned in the following pages are full) cited m tne 

references subjoined to ZittePs H&ndhooh* 
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Protozoa . — The fossil remains of Protozoa are naturally con- 
fined to those classes or order? which are shell-producing 
during life. The most widely distributed fossil representatives , 
of the Protozoa are the Foraminifera or Polythalamia (Reti- 
cularia, Garpenter), which enter largely into the composition 
of many marine limestones, and whose occurrence has been 
known for several centi^ies to natural historiajris. The* earlier 
memoirs of Bre}^ (1732), Soldani (1780^ Fichtel and Moll 
(1803), Lamarck (1804-7), Denys de Montfort (1808-10), 
wherein a considerable number of these small forms are 
described and ^figured, were followed by the more compre- 
hensive investigations of Alcide d’Orbigny (1824). These 
for the first time made the attempt to introduce a S5^stematic 
order and classification into this group of testaceous organisms, 
which \5ere still almost universally regarded as mollusca, 
belonging to the group of cephalopods. 

D’Orbigny distinguished two main groups among the Poly- 
thalamia, one of which (Siphonifera) contains the chambered 
shells of the true cephalopods, while the other (Foraminifera) 
embraces the shells characterised by the perforations in the 
dividing walls of the chambers. The Foraminifera are then 
sub-divided by D’Orbigny chiefly according to the external 
features of the shell, and the number and arrangement of the 
chambers. 

A number of the species enumerated in the Tableau Method- 
ique have been made known far and wide by enlarged models, 
which were distributed to various academies in 1825 and 1826, 
D’Orbigny also contributed a monograph on the fossil Forami- 
nifera in the Tertiary deposits of the Vienna basin. 

The advance effected by Ehrenberg’s microscopic examina- 
tion of thin slices of Foraminifera has already been mentioned 
(p. 326), But although so accurate an observer, Ehrenberg 
formed fallacious views respecting the organisation of the 
group, and thought the Foraminifera might belong to the 
Bryozoa. Dujardin in 1835 contested many of Ehrenberg’s 
conclusions, and demonstrated that the Foraminifera belonged 
to the Rhizopoda. Williamson, Reuss, and especially W. B. 
Carpenter, objected to the previous schemes of classification 
which had been formulated merely upon external featmres of -’.fi 
the skeleton and habits of gro^rth. The investigations of 
Williamson on the fine details of structure, and the famous 
work by Carpenter on tlje Microscopic Structure and Classijica- 
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iion of the Foramimfera, completely overthrew the older 
classifications and formed Ihe basis of our present intimate 
knowled<2;e of these exquisite little shells. 

Carpenter divided the Reticularia into twe sub-classes: 
Imperforata and Perforata, and sub-div’^ed each of^ these sub- 
classes into several families distinguished according to the 
chemical composition and microscopic structure of the tests. 
The views held by jQtirpenter and his collaboratofs, r arker and 
Tones, regarding the confines of the genera and species, 
differed very considerably from those of D’Orbigny, as the 
English zoologists often comprised under the same generic 
title forms very different in their external appearance, on the 
plea that they were connected by intermediate types. 

Reuss has published from 1839 onwards a large number 
of papers, mostly in the Transactions of the Vienna Academy, 
describing individual species of fossil Foramimfera from 
all geolo'^ical formations. The works of Parker and^ Jones, 
extending from the year 1857, follow the same direction 
of special research. The classifications of Schwager and 
Brady introduced several modifications of Carpenter’s scheme. 
Brady pointed out that the sub-classes Imperforata and Per- 
forata could not be so sharply defined as had been done by 
Carpenter, for example the group Lituolidea, which Carpenter 
had ranked under the sub-class Imperforata, included also 
c^’tain species which were finely^ perforate. Phis matter, 
alon°' with other systematic 'difficulties, has been more recently 
discSssed by Ray Lankester, in his descriptive and classifi- 
catory account of the Protozoa, published in the Encyclopedia 
Britannica. Brady’s Report on the Foramimfera of the Chat- 
knzer Expedition, and his monograph of the Foramimfera in 
the Carboniferous Limestones of Great Britain, are two or the 
finest productions in this domain of research. 

In the French literature of the Foraminifera, the excellent 
monograph of the Nummulites by D’Archiac and Haime takes 
the highest place. Terquem and Berthelin even at the present 
;.: ,time are wholly disciples of D’Orbigny. Meunier-Chalmas 
i'i;, and Schlumberger have, on the other hand, placed great 
! significance on microscopic researches of the shell-architecture, 
and have made many interesting observations on dimorphic 
' forms of the initial chamber. In Italy, Michelotti, Seguenza, 

' Silvestri, and more particularly Fornasini_, have described the 
: Foraminifera present in the younger Tertiary deposits. 
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In addition to the Foraminifcra, the Radiolarians with 
siliceous or cliitinous tests represent another class of Protozoa 
.which come under consideration in pal£eontologicaI researches. 
The knowledge of the Jiladiolaria does not extend so far back 
as that of P'oraipinifera. The earliest accounts of these micro- 
scopically minute orga^ijisnis were given by Tilesius ,(1806) 
and by Meyer (1834); but Ehrenberg was the*first investigator 
who disclosed the wonderful variety and beauty of their sili- 
ceous skeletons. In a series of special monographs and 
magazine articles extended over a long period of years from 
1838 to 1875, Ehrenberg described many hundred forms 
belonging to this group, which he had called Polycystina. His 
material had been collected from recent oozes on the ocean- 
flool', and from the Tertiary marls of Sicily, Zante, Oran, 
North jf^merica, and Barbadoes, the last-mentioned locality 
alone providing 278 species. But Ehrenberg had very obscure 
notions about the organisation of the Polycystina. 

The living structure and the systematic position of this 
group were elucidated by Huxley in 1851. A fuller exposition 
of the zoological aspects was given in 1855 by Johann Muller, 
who suggested the term of Radiolaria as better suited for the 
group than Ehrenberg’s name of Polycystina. The beautifully 
illustrated monograph of the Radiolaria by Ernst Haeckel 
erected a complete classificatory system for the Radiolaria, 
and won universal admiration for the artistic representations of 
the infinite diversity in the skeletal forms produced by these 
simple organisms. 

HaeckePs works are chiefly devoted to recent Radiolaria, 
and at that time, in 1862, science was only cognisant of the 
occurrence of fossil Radiolaria in the Tertiary deposits. 
Zittel, in 1876, described some older forms from Upper Cre- 
taceous strata, and between i88jand 1892 D. Riist carried 
out a long series of researches, preparing microscopic sections 
of siliceous rocks from all the geological formations ; he suc- 
ceeded in demonstrating the presence of numerous Radio- 
larian species from the Cambrian or oldest Palaeozoic 
formation onwards to the present age. 

Brief mention must be made of a controversy that arose 
regarding certain structures thought to represent the '•oldest 
known animal organism. In the year 1858 MacCulioch col- 
lected in the Laurentian gneiss of Canada curious aggregates 
of serpentine and calTrite, arranged in irregular alternate 
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Hvers the serpentine having rather a reticulated distribution 
n^Hro nd r^Ls of calcite Logan regarded sdch aggregates 
aUered mSs of an originally organic growth, and m 1864 

W William Dawson described these ^•eUculate stuictuits as 

the ramification of a Foraminiferal growth ijndei the name 
the lamiutanon o supported by Car- 

Dente^"^^" 1 8^7 O', and was afterwards confirmed by Parker, 
Tones Brady, ReCss, and other specialists, wh^eas King, 

is considered by most geologists a decisive paper in favour 
of the hiorganic origin of the ^ozoon structure 
contended that the serpentine matter of the Canal_ oystem 
had been infiltrated into the calcite along fine vein-fissures 
disposed in the calcareous rock with exceptional regularity. 

No group among the Invertebrates resisted 
scientiffc treatment so long as the fossil sponges. This s 
scarcely surprising, when it is remembered that zoologists 
wereSllTn doubrin the early part of the nineteenth century 
whether the marine sponges belonged to the , 

Tnirnal kin-dom. The pioneer investigations of Robert 
SamdSsI first afforded a true conception of organ.sa- 
don of theL creatures; and after Granb 
scientists-among others, Johnstone, of 

—made important advances towards securing g P 

' thfo moroholoeiy and systematic relations, of the gioup. 

The backward state of zoological knowledge f 
made it almost impossible for paleontologists to adempt 
EJ more than a descripfion and illustration of the fos d 
sponger The first volume (1826) of the Petrefacta_ Germamm 
of Goldfuss and Miinster included seventy-five species of fossd 
snonees which the authors distributed under e even generic 
rfames but the work of Goldfuss shows little advance on the 
works of earlier writers, Guettard, Parkinson, Mantell, and 
othis. ThrSrks of Michelin (1840-47) and Blainville also 
yield Tnerely descriptions of the external form, without any . 
?Snl 0 ? thl, fi„« ft.uctun.1 features. These •«>»» 

L t same standpoint as Goldfuss, in assuming that the lossu 
' spongi are ancestral forms of the living ceratose sponges, in 
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which the horny fibres had been changed to stone by means of 
the processes of petrefactioijv Similarly, the works of Geinitz, ^ 
Klipstein, Pusch, Reuss, Quenstedt, and Roemer increase* 
the knowledge of the^ndless diversity of form presented by 
sponges, but add little to a scientific comprehension of their 
structure. % . * 

A notable^* position in the older literature of sponges is 
taken by the two short memoirs of Toulhfin Smith (1847-48), 
wherein the structure of the Ventriculites from the white chalk 
is fairly accuraj^ely represented. Owing, however, to the fact 
that the nearest allies among living sponges, the Hexactinellids, 
were unknown at the time of his investigations, Smith drew 
fallacious inferences regarding the nature and systematic 
position of these fossils. He compared them with Bryozoa. 

In th*e year 1851, D’Orbigny devised a badly-arranged 
scheme of classification for fossil sponges, upon the basis solely 
of external features. He called all fossil sponges “ Petro- 
spongi^,^^ and contrasted them with recent sponges, ascribing 
to fossil sponges an originally stony skeleton composed of 
calcareous fibres. According to D’Orbigny, the petrospongiae 
form a curious and extinct sub-division of the sponges. This 
erroneous conception of D’Orbigny’s was shared by Fromentel, 
but the latter author, in differentiating genera and species, made 
use of differences' in the canal system and in the kinds of pores 
and openings at the surface. Friedrich Roemer followed 
FromentePs method, and he differentiated between sponges 
mth fenestrated skeletal structure and sponges with a skeleton 
composed of “ worm-shaped fibres.” Pomel also made careful 
observations of the skeletal structures so far as those could be 
distinguished with the naked eye or by the aid of a hand-lens. 

The deep-sea investigations of the last part of the nineteenth 
century initiated a new era in me investigation of sponges, 
recent and fossil Wyville Thomson, the leader of the 
Challenger Expedition, was the first to point out the similarity 
in the structures of fossil ventriculites and living silicispongise. 
In 1870, Oscar Schmidt, by the method of etching Jurassic 
and Cretaceous specimens, demonstrated in fossil forms the 
presence of certain skeletal structures similar to those of 
existing hexactinellids and lithistids. Nevertheless the fossil 
sponges still presented an apparently distinct and well-defined 
group, until almost simultaneously Zittel and Sollas resolved to 
apply NicoFs method and prepare thin slices of the fossil 
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material for microscopic exaKiination. In 1877, Sollas demon 

Sted by Ws examiLion of several genera be ongmg to Ae 
' English cLtlk, the identity of their structure wh^that of living . 
hexactinellids lithistids, and monactm«lhds. Aittel, m 1670, 

puths?efdmmg\l?eS^^ TcTemfof 

Lt all fossil sponges could.be included “ ^he scheme o^ 

classification erected for existing sponges. Zittel succeeaed m 
“g that^^^^^^^^ number of sponges referred to the Calci- 
sdS bypLious authors had been originally arenaceous 
but the s^'^dy material had^been^d^^^^^^^ 

gSSfficultr'the study of 

ha^J^en called in question by E. Haeckel m h™o|raph o 
the Calcispongi^(i 872 ), and m 
first, Zittel’s evidence ultimately 

Thp nnDlication of the microscopic method, which haa oeen 
used by Zhtel and Sollas, was followed in almost all the later 
"ubhcationTon fossil sponges and the 
bv Zittel for recent and fossil sponges was confirmed 

S.in “.t„te, and ISirSarW 

anatomical investigations of O. Schmidt, F. E. Schulze, Carter. 

Vosmaer, Lendeiifeld, and others. r..-:! cnnncrps at the 

The most “f Thefotmet 

C'SeTa mo’wt o 7 ao Lsil sponges (.8S4) in the 

&S S?o?y Collation (.< the 

present engaged on a moriograph o e • ,00- .^he 

Britain, pirts of which have appeared since 1887 m the 

publications of the P^teoFographical Society Rauff^h 

produced in his Palmospongiology (1893) an exemplary repre 
sentation of all the paleozoic forms of sponges. 

Cc&knterates.-^ 5 ^ to the year 1825 
security about the organisation of the schemes of 

comprised under the group of the Cc«lentera The schemes o^ 
classification attempted by Lamouroui^ Esper, Larnarck and 
others are full of errors.; the researches of Ehrenberg ana 
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Milne-Edwards first revealed t|e anatomical structure of 
zoophyte organisms, and made it possible to differentiate them 
from number of other forms with which they Had been* 
erroneously included^ in previous classificatory systems. 
Ehrenberg based his classification of coral zoophytes exclu- 
sively on the characterf|Of recent corals, more especially on his 
examination wof the Rea Sea corals. The number of tentacles 
was, in his opinion, the leading feature of distinction ; according 
to it be erected the main sub-divisions of his classification. 

Fossil corals were described and figured in most of the 
larget: palasontSlogical works that appeared during the first 
half of the nineteenth century. The illustrative plates of 
Goldfuss (1826), Michelin (1841-47), Lonsdale and MacCoy 
display a large number of fossil species, but notwithstanding 
the advtnces that were being made in the knowledge of living 
corals, the systematic treatment of fossil corals in these works. 
is as crude and antiquated as in the much earlier works of 
Guettard, Parkinson, and Schlotheim. The profound and 
exhaustive works of Milne-Edwards ^ and Haime revolutionised 
the study of corals. These scientists made a thorough investi- 
gation of the organisafion of living polyps, and from that 
proceeded to examine group after group of the fossil corals, 
directing attention equally to the evidences afforded by the 
skeleton regarding the original form and structure of the fossil 
polyps, and to the phylogenetic indications given by the 
occurrence and distribution of the fossil faunas in the strati- 
graphical succession. The penetrating critical instinct and 
unbiassed judgment of the authors produced a work which is 
recognised to be one of the most skilful that has ever appeared 
in scientific literature. The classificatory system of Milne- 
Edwards and Haime is based upon the character of the septa 
and the mode of their increase in number, and with a few 
modifications, the system has remained until the present day. 

•Later works on fossil corals for the most part dealt with 
the coral faunas of particular localities or of a particular 
stratigraphical horizon. Of special value are the monographs 
of Reiiss, Fromentel, De Koninck, Koby, Hall, Pecker, 

^ Henri Milne-Edwards, born iSoo in Bruges, studied medicine in 
Paris, and was at first the Professor of Natural History in the College 
Henri IV., then in 1841 at the Museum. In the year 1862 he was 
appointed Professor of Zoology, and two years later Director of the 
Museum? died 1885 in Parts. 
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material for microscopic examination. In 1877, Soilas demon- 
strated, by his examination of several genera belonging to the 
English chalk, the identity of their structure witl),, that of living 
hexactinellids, lithistids, and monactin^llids. Zittel, in 1876, 
published his microscopic investigations embracing the whole 
of the fossil sponges, together with a n?onograph of the genus 
Cceloptychium. ' In this work, as well as in o the studies 
published during tne following year, it was fully demonstrated 
that all fossil sponges could ^be included in the scheme of 
classification erected for existing sponges. Zit|el succeeded in 
showing that a large number of sponges referred to the Calci- 
spongiae by previous authors had been originally arenaceous, 
but the sandy material had been dissolved, and in its place 
calcareous substance had been laid down. This removed the 
greatest difficulty in the study of fossil representatives of the 
Silicispongige. Zittel also demonstrated the true calcareous 
structures of numerous fossil Calcispongise, whose existence 
had been called in question by E. Haeckel in his monograph of 
the Calcispongise (1872), and in spite of mucl^ contradiction at 
first, ZitteFs evidence ultimately received general acceptance. 

The application of the microscopic method, which had been 
used by Zittel and Sollas, was followed in almost all the later 
publications on fossil sponges, and the classification proposed 
by Zittel for recent and fossil sponges was confirmed in its 
main features and further improved by the zoological and 
anatomical investigations of O. Schmidt, F. E. Schulze, Carter, 
Vosmaer, Lendenfeld, and others. 

The most distinguished students of fossil sponges at the 
present day are G. J. Hinde and Hermann Rauff. The former 
has published a monograph of the fossil sponges (1884) in the 
Natural History Collection gi the British Museum, and is at 
present engaged on a monograph of the fossil forms of Great 
Britain, parts of which have appeared since 1887 in the 
publications of the Palaeontographical Society. Rauff has 
produced in his Falceospongiology (1893) exemplary repre- 
sentation of all the palaeozoic forms of sponges. 

Cmknterates, — Up to the year 1825 there was great in- 
security about the organisation of the organisms at present 
comprised under the group of the Coelentera. The schemes of 
classification attempted by Lamouroux, Esper, Lamarck, and 
others are full of errors; the researches of Ehrenberg and 
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Alilne-Edwards first revealed t^e anatomical structure of 
zoophyte organisms, and made it possible to differentiate them 
from a number of other forms with which they had been* 
erroneously includec^ in previous classificatory systems. 
Ehrenberg baspd his classification of coral zoophytes exclu- 
sively on the characterS|Of recent corals, more especially on his 
examination ^f the Rea Sea corals. The number of tentacles 
was, in his opinion, the leading feature of (Mstinction; according 
to it he,erected the main sub-divisions of his classification. 

Fossil corals were described and figured in most of the 
larger palseontSlogical works that appeared during the first 
half of the nineteenth century. The illustrative plates of 
Goldfuss (1826), Michelin (1841-47), Lonsdale and MacCoy 
display a large number of fossil species, but notwithstanding 
the advances that were being made in the knowledge of living 
corals, the systematic treatment of fossil corals in these works 
is as crude and antiquated as in the much earlier works of 
Guettard, Parkinson, and Schlotheim. The profound and 
exhaustive work^ of Milne-Edwards ^ and Haime revolutionised , 
the study of corals. These scientists made a thorough investi- 
gation of the organisation of living polyps, and from that 
proceeded to examine group after group of the fossil corals, 
directing attention equally to the evidences afforded by the 
skeleton regarding the original form and structure of the fossil 
polyps, and to the phylogenetic indications given by the 
occurrence and distribution of the fossil faunas in the strati- 
graphical succession. The penetrating critical instinct and 
unbiassed judgment of the authors produced a work which is 
recognised to be one of the most skilful that has ever appeared 
in scientific literature. The classificatory system of Milne- 
Edwards and Haime is based upon the character of the septa 
and the mode of their increase in number, and with a few 
modifications, the system has remained until the present day. 

Later works on fossil corals for the most part dealt with 
the coral faunas of particular localities or of a particular 
stratigraphical horizon. Of special value are the monographs 
of Reuss, Fro men tel, De Koninck, Koby, Hall, Pecker, 

^ Henri Milne-Edwards, born 1800 in Bruges, studied medicine in 
Paris, and was at first the Professor of Natural Ilistory in the College 
Plenri IV., then in 1841 at the Museum. In the year 1862 he was 
appointed Professor of Zoology, and two years later Director of the 
Museum; died 1885 in Parfs. 
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Milaschewitsch. D’ArchiardL and 
fncicil corals has enioyed a wide circulation. Q 
. adherS both in his text-books and his Fa/M/o^ of Germany 
?vol v?i., 1889) to the old system of Ehrenberg, and continues 
to ptoud the Bryozoa along with the corals. « 

i Tort but very important paper ^yas published in 1869 
hv A Kuntb. ThL observer pointed out the fundamental 
difference in the method according to v^ich new septa had 
deSoped in the Pateozoic group of the Rugosa, as compared 
with the order of intussusception of the septa m the younpr 
Tmal and L showed how with this difference^was associated 
the bilatml symmetry of the Rugose corals on the one hand, 
and the adkl symmLy of the younger cora s. After the 

"ISon ot 

under the pg,.,^ent group in the classification of 

were treated c^roup of “ Hexacorallia,” for 

XhMmiUdwards^and Haime’s observations 

rnnth’s work save a new impulse to the study^of the Rugose 

^rC of SlSc corals, and was followed by a number of 

fpecPal memoirs, those of Dybowski, Nicholson, Schluter, 

T indstrom, and Freeh, among many otlieis. ^ 

n isT Lacaze-Duthiers made knotwr his valuable embryo- 
logical iL;stigations, which necessitated a^ew rev^^^^ 
laWs of septal symmetry enunciated by Mi ne-Edwards a^^^^ 
Haime The discoveries made by L. ^S^siz and Mos y 
resardint^ the zoological relationship of Millepora and Helio- 
pomenhrdy overthrew the group of Tabulata as it had oeen 
S^finpd in the system of Milne-Edwards and Haime. And 
Dybowski, Roemer, Nicholson, and nj®" 
on Palseozoic corals then endeavoured by the most detailed 
investigations of the growtlf-relations, the organisation, and 
Snj Saure, to explain the tematkable diversity ot ton.. 

“S'^iio of •*”’ I'l 

been little taken into consideration by Milne-Ed wards aiid 

Haime In 1865, Kolliker first directed attention to it , m 

1 88 2 -there followed almost simultaneously the 

and kech, showing illustrations of microscopic sections, and 

rinfikr method was followed by Nicholson, 1 -rech, Volz, 
Felix Struve, and others. The most comprehensive investiga- 
tion into the microscopic structure of ths skeleton of living an 
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fossil corals has been contribute^ by Maria M. Ogilvie (i8g6). 
Upon the ba?iis of her comparative microscopic researches, the 
authoress suggested certain classihcatory reforms which appear* 
to weaken \%ry materially the strong distinctions previously 
drawn between the 'fttracorallia and Hexacorallia, as well as 
between the H^exacorallian sub-divisions of Aporosa ajid Per- 
forata. The special elamination of a large number of inter- 
mediate forms among Jurassic corals also^^nabled her to bring 
forward many evidences of the phylogenetic relationship of 
Tetracorallian and Hexacoralli^fn types. 

After Moseldiy ( 1 ^ 77 ) had published his treatise on Millepora, 
and in the same year J. Carter had pointed out the close 
relationship of Hydraciinia^ Parkeria^ and Stramafopora^ a 
number of organisms which had been consigned variously to 
the Bryozoa, and sometimes to the group of P’oraminifera, were 
recognised as Hydrozoa. Steinmann (1878) and Caiiavari 
(1893) described new fossil genera from Jurassic and Cretaceous 
deposits, Bargatzki (1881) described the Stromatoporoids in 
the Devonian spies in the Rhineland, and Nicholson (1886-92) 
published a monograph of all known Stromatoporoids. The 
GrapioHtes^ an extinct group of Hydrozoa confined to the 
oldest fossiliferous deposits (Silurian and Cambrian), have 
been the subject of very careful palEeontological investigations. 
They were taken for Cephalopods by Wahlenberg and Schlo- 
theim, and for Foraminifera by Quenstedt, while others placed 
them amongst Alcyonarians. Portlock (1843) w^as the first to 
recognise their resemblance to the Sertularians. Barrande 
published (1850) the earliest detailed account of the Bohemian 
Graptolites, but still compared them with the Pennatulids. 
The works of Suess, Scharenberg, Geinitz, and Richter 
extended the knowledge of Graptolites only in a moderate 
degree ; on the other hand, ai> excellent monograph of the 
Graptolites occurring in the Quebec Series ” of rocks was 
contributed by J. Hall in 1865, adding a number of new, 
well-preserved species to the group, and affording much im- 
portant information regarding the organisation and zoological 
position of Graptolites. 

In the year 1872 Nicholson gave an admirable survey of 
all the facts known about Graptolites, and in 1873 the first 
communications appeared by Lapworth. The researches of 
this acute observer were continued until 1882, and revealed 
many new and important data respecting the structure, the 
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development, the growth, rel|tions, and geological distribution 
of the Graptolites. All later writings on Graptofites are based 
upon the results obtained by Lapworth. During the last few 
years Holm and Winiann have by me^ans of novel methods 
of technique determined the finest structural features of different 
Graptolite genera, and R. Riidemann I1895) made some for- 
tunate fiiscoveries which threw light oh the modp of life and 
the relationship of tfeese remarkable organisms. 

Fossil Medusas are of very rare occurrence; well-marked 
impressions found in the lithographic shales of the Franconian 
Jura Chain have been carefully described by iJeyrich (1849), 
Haeckel (1865-70), and Ammon (1883). Nathorst in 1881 
assigned to the Medusas certain casts in the Cambrian sand- 
stone of Sweden, and quite recently (1898) Walcott described 
a large number of cast structures in the Cambrian ^deposits 
of North America as of Medusa origin. 

Eckimderms, — In the eighteenth century Klein had proposed 
for the sea-urchins the class name of Echhiode/mata. Cuvier 
united under the same class the OpMuridea or sand-stars, 
the Holofhuridea or sea-slugs, and the Enadriiies^ without, 
however, recognising the Encrinites as a separate sub-division. 
In 1821, J, S. Miller, a native of Dantxig although resident in 
Dublin, published an excellent monograph on all the fossil 
Sea-lilies or Encrinites then known, and combined them into 
an independent sub-division or order which he named 
Crinoidea, In 1828, Fleming erected the order of Blasioidea 
for the Pentremites which had been discovered in 1820 by Say 
in the North American Carboniferous Limestone, and in 1845 
Buch erected the order of Cystidea for a group of fossil 
Crinoids then very little known. Thus the limits and the 
chief orders of the Echinodennata were definitely established, 
and at the suggestion of Leuckart in 1848 the class Echino- 
dermata, which had hitherto been treated systematically as 
closely allied with the Coelenterata, was represented as an 
independent branch of descent in the animal kingdom. In 
addition to Leuckart’s fundamental differentiation of these two 
animal classes, it was he who first combined the Crinoidea, 
Cystoid^a, and Blastoidea under a common group -name 
Pelmatozoa^ and placed it in contradistinction to the other 
sub-divisions of Echinodermata, the Echinidea, Asteridea, 
Ophiuridea, and Holothuridea, 
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The systematic Study and mcjfphology of the Pelmatozoa 
was greatly fidvanced by J. S. Miller’s Monogt^aph of the 
Crinoidea^ which masterly work constructed a secure basis for ♦ 
'^all future inquiry into the morphology of the group. Miller 
made application of the architectural arrangement of the plates 
in the calyx as a basis of classification, and recent researches 
have frequei^tly found ir advantageous to revive leading features 
in Miller’s classification. m 

Goldfuss and Munster added a number of new specific 
descriptions to the knowledge of Crinoidea, but made no 
attempt to eluefdate the structural relations. Three important 
memoirs were contributed by the anatomist, Johann ‘Milller, on 
the structure of Pentacrinus (1841), on Comatula (1847), and 
on the structure of Echinoderms generally (1853). These 
memoirs were published in the Transactions of the Berlin 
Academy, and for several decades formed the groundwork of 
further zoological investigations in this group. Muller included 
the study of fossil forms in his researches, and he sub divided 
the known Cripoidea into three sub-orders — Tesselata, Arti* 
culata, and Costata. 

Almost simultaneously with Muller’s works there appeared 
in England a monograph of fossil and recent Crinoids by the 
two Austins (1843). spite of many new and valuable 

observations, this work was unsuccessful, on account of its sub- 
division of Crinoids into stalked and unstalked groups. This 
sub-division was regarded as quite artificial, seeing that the 
gifted zoologist, Vaughan Thomson, had in 1836 demonstrated 
the development of the genus Comatula from a larval stage 
resembling a stalked Pentacrinus. 

The anatomical structure of the living Pentacrinus was 
described by Liitken (1864), and that of the Comatulids was 
elucidated by the researches of^Wyville Thomson (1865) and 
AV. B. Carpenter (1866). The deep-sea explorations off the 
coast of Norway led to the discovery of Rhizocrinus, and the 
detailed investigation of this interesting genus, carried out by 
Sars (1868) and Ludwig (1877), met with a cordial reception 
in paljeontological circles. 

Numerous monographs and shorter papers on Palseozoic 
Crinoidea were meanwhile being published ; among the more 
voluminous writers on this subject were De Koninck and Le 
Hon (1854), Hall (1847-72), Roemer (i860), Ludwig Schulze 
(1866), Meek and Worthen (1866-75),* Mesozoic Echino- 
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work on the Swedish Crinoids, edited by Lindstiom (1878), 
tewisT pays little attention to the rpults ot zoological re- 
searS although it displays a rich ^diversity pf previously 
nnl™ forms in beautiful illustrations. The _works_ of 
HerS carpenter are therefore of very high value as investiga- 

form?aM inTcating 

Strife? 

rtnXe’of ffl; 

derLta WacLmuth’s works extending through a period 0 
dermaUj ^ ^.<7 ’ P de Loriol has made a successful 

twenty yeaiSj iS77“97 > "• t? i vvri Ti* A Pnther has con- 

SSet on infSf :nd"s?£ S§s 

' (1891^93) • in Germany, O.. Jaekel has accomplished valuable 

”^The°knowlSge S the extinct order of the erected 

V -Rnrh advanced by the researches of Schmidt (1874) 

S®:LT.J 4 ro?Vi 5 .»pf.om 

Fflward Forbest (1848) on British forms, and by the worfco 
of Hall and Billings on North American Cystoids. In 1887 
WaSn editS a posthumous monograph on the Bohemian 
Cyiids b, B^nde T, 

T‘<®c!p‘'tiroHes are much at variance* t i r« • o 

The small group of the Bl<&foids, discovered by Sny m 1830, 
first underwent scientific examination at the hands of terdinai^ 
RoeSr (1852). Subsequent work has extended our know- 

1 Edward Forces., born 1315 

investigations on ^ ^ Professorship of Botany at King’s College 

SCaot SfiS&otfaal S«.a^ 

in Edinburgh. 
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ledge of the specific forms, byt could not add much to 
Roemeds funtiamental observations and influences. The illus- 
trated catalogue of the British Museum contains an attractive ^ 
account of tlxe present knowledge about Blastoids, written by 
Robert Etheridge and Herbert Carpenter. 

The Sea-stars (Ophiuridea and Asteridea) offer far less 
diversity ©f |orm than* the Pelmatozoa. If we except a few 
genera and species mentioned or figurec^by Goldfuss, Hage- 
now, Mantell, Dixon, and others, the first scientific monographs 
on fossil Asteridea were those Contributed by Edward Forbes 
on material defived from Cretaceous and Tertiary formations 
of Great Britain. Wright afterwards described all the Meso- 
zoic Asteridea, and Salter the Palaeozoic forms of Great Britain. 
Muller (1855) and Roemer laid the foundation of the know- 
ledge of Asteroid types in the Devonian formation of the 
Rhine Provinces; the Jurassic Ophiuroids and Asteroids of 
Germany have been investigated by Pohlig, Fraas, and Georg 
G. Bohm. J. Hall made known the representatives of this group 
in the PalgeozoiQ formations of North America. The paleonto- 
logical literature in all cases closely harmonises with the zoo- 
logical, and it would seem that the Paleozoic ‘‘sea-stars” 
differed very little from those in the seas of the present age. 

Fossil Echinids were already known in the beginning of the 
eighteenth century, and received full attention in the oldest 
systematic works by Breyn (1732) and Klein (1734). A 
number of new species are described in the chief work of 
Goldfuss, in Desmoulin’s Studies (1834-37), and in Sismonda^s 
monographs on the fossil Echinidea of Piedmont and Nizza. 
But the strictly scientific literature began with the researches 
of L. Agassiz (1838-41) on living and fossil sea-urchins, along 
with which appeared the monograph by Agassiz and Desor^ on 
the fossil Echinidea of Switzerfend. Valentin's well-known 
observations on the anatomy and histology of the genus 
Echinus was contemporaneous with the important works of 
Agassiz and Desor. 

^ Eduard Desor, born iSri in Friedrichsdorf, near Frankfort-on- Maine, 
for a long time collaborated with Agassiz in palseontological and glacial 
studies, and followed Agassiz to America, but in consequence of some dis- 
agreement between the friends, Desor returned to Neuchatel and, became 
the Professor of Geology in the Neuchatel Academy. Inheriting consider- 
able means from a brother, he retired to Combe Varin, in Val Travers, 
and devoted himself to geological and pre- historic studies; died on 23rd 
February 1882, in Nizza. ^ 
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A .bort treate on the clarification <>' ‘h' E";; 
hv Albert Gras in 1848, was in so far importaric as it formed 
e Uie basis of the Synopis oi fossil Echinids drawn np by Desor, 
S has been a^standard 

In 1848 also, the first researches of Cotteau and iorbes 
on S Echinids were published, and_ these 'vere japidly 
succeeded by D’Orbigny’s account of ^ne irregulaj Echm'ds 
Sl Flench Cretaceaus formation and Wright’s beautifully lUus- 

trated monographs of the Jurassic and Y D’Orbio-nv and 

in Britain After the deaths of horbes, 

WriaS Cotteaui was for a whole decade ^most he only 
iintributor to thk field of research. In his Falconiolape 
Francaise and in numerous other works and sp^ial meraoiis, 
Cotteau advanced the knowledge of 

degree unrivalled by any other observer before or siitce. All 
hKritirs are disdnguished by e.Ktreme accuracy and aaite- 
nesrof observation. As regards the systematic questions 
Cotteau adopts in great measure the classificatoiy groundwor 
supplied by Desor and Wright A large numljer of pateonto- 
SSrhave taken up the study of Echinidea in recent years 
and the majority follow the lines of Desor s Synopsis and 

^“Thfobselvations on remains of fossil Holothuridea are 
comparatively few. They are confined to the description of 
isolated parts of the dermal skeleton, such as jhe ''’heel- 1 
spicute of certain species of Chirodota described by Moore ■ 
from the British Jurassic deposits, and several 
similar character, which have been descnbed by A on Siebold, 
Schwager, Etheridge, and others, occurring in strata of vaiiou 
geological ages. 

Ij/orms.—The soft perishaMe character of the bodies of worms 
renders them unsuitable for the slow processes of petrefaction,^ 
and we find in consequence that paleontological literature 
contains few references to- these organisms, and can bring 
1 Gustave Cotteau, born 17th December ?8i8 m A«xme, studied law at 

AuKetre ami |n 1858 tl Coulommiers, 

town, in iSki was transferred to bar-siir-Aiiuc, ...i Cotteau 

logical Society of France twice elected bun I resident, lie aieu 
loth August i 894 > ut Auxerre. 
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forward little of any scientific yalue in elucidation of the 
phylogeny of *this diversified group of forms. Fossil Annelid 
types have been frequently identified and described, and there » 
are impressioils or cavi|ies of problematical origin which occur 
widely distributed in certain Palaeozoic deposits, chiefly in 
Gambrian strata and in the Flysch (Cretaceous-Oligocene) 
deposits of the Alps, which have been explained by many 
authors as the paths of worms. Nath#rst, however, is of 
opinion that these cannot be identified with any certainty, 
but may with equal right be regarded as traces of Crustacea, 
Mollusca, Annelids, or other organisms. More reliable evi- 
dences of fossil Annelids are supplied by the occurrence of 
fossil Eunicites in the Tertiary deposits at Monte Bolca and 
in the lithographic shales of Solenhofen. These fossil Nereids 
are fully described in the works of Massalonga and Ehlers. 
G. J. Hinde has described numerous jaw parts of Annelids 
from Palaeozoic formations ; Hinde points out that, as Zittel 
and Rohon had shown, these Annelid remains are partly 
identical with the Conodonts which were regarded by Charles 
Pander as fish-teeth. 

Molluscoidea , — In 1830 Vaughan Thomson discerned the 
colonial habit of certain small marine organisms which by 
repeated budding gave origin to the growths popularly termed 
Sea-mats or Sea-moss. Thomson proposed the name of 
Polyzoa for the group and compared it with acephalous Mol- 
lusca. Ehrenberg in 1834 substituted the name of Bryozoa 
for the same group. Much later, in 1850, Milne-Edwards 
united the Bryozoa, Brachiopoda, and Tunicata as one group 
under the name of Molluscoidea, and assigned to it a rank 
equal with that of the group of Mollusca. Since then the 
Tunicates have been recognise as an aberrant branch of 
Vertebrates, but further researches have only corroborated 
the probable consanguinity of Bryozoa and the Brachiopoda, 
while also removing these allies from their supposed connec- 
tion with the group Mollusca, Fossil Bryozoa were described 
by Lamouroux, Goldfuss, Lonsdale, and Michelin. In 1850 
D'Orbigny, in reviewing the group, tried to separate the fossil 
and living forms and to make a systematic sub-divisionr accord- 
ingly into two orders (Bryozoaires cellulinds et centrifugines). 
D’Orbigny^s classification is quite artificial ; features of sub- 
ordinate significance ^re applied as the basis of genera and 
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families and a number of x^geless names are invented. The 

fifth volume of D’Orbigny's PaVeoniologie Frafi^luse (1850-51) 
"enumerates from Cretaceous deposits no less than^i,929 species 
and 219 genera, and gives a description and illustration for 
each species. The publications of MacCoy and J. Hall 
(1851-5,2) on Palaeozoic Bryozoa, the, excellent memoirs of 
Hagenow (1851) on the Bryozoa of the Maestricht Chalk, 
and those of HainsNe (1854) on Jurassic Bryozoa, were but 
little influenced by D’Orbigny’s classification. 

Busk passed from a careful anatomical study of living 
Bryozoa to the study of fossil forms, arid began the 
publication of a monograph describing the Bryozoa or 
Polyzoa in the English crag. In this monograph, which was 
unfortunately never completed, Busk sub-divided the forms 
possessing calcareous cells into two orders (CheildStomata 
and Cyclostomata), these two orders almost coinciding with 
the two chief orders in D’Orbigny’s system. But Busk pro- 
posed considerable modifications for the minor sub-divisions. 
For the differentiation of families and genera .he used in the 
first instance the form and arrangement of the “aggregate” or 
colony, in the next instance the characteristic features of the 
individual zooecium or cell. 

Great progress has been made by zoologists in the knowledge 
of the internal structure of the polypides, and of the diverse 
forms of colonial growth. Van Beneden, Smitt, Nitsche, 
and Hincks have taken a pre-eminent part in the zoological 
researches, and the whole group has been admirably reviewed 
by Ray Lankester in the Encyclopedia Britannica. Stoliczka 
and Reuss have contributed largely to the knowledge of Tertiary 
and Mesozoic Bryozoa, while Lonsdale, MacCoy, J. Hall, and 
E, D. Ulrich have added much valuable information about 
Palaeozoic types. 

The Palaeozoic Chsetetidse and Monticuliporidse have been 
made the subject of a voluminous literature ; some of the 
most eminent writers, Milne-Edwards, Haime, Nicholson, 
and Dybowski, consign these groups to the Corals, whereas 
Lindstrom, Rominger, and Ulrich place them with the Bryozoas. 

In contrast to most classes of the animal kingdom, fossil 
remains*‘of BracMopods gNtit known earlier than the recent 
forms. Since the beginning of the seventeenth century, 
Terebratulites or “Conchse anomige” have played a part 
in the illustrated works on Naturaf History. A living 
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Terebratulina was, however, first made known by Griindler in 

1774. Cuviar in 1S05, and Dimieril in 1809, proposed the 
name ‘'Brachiopoda’^ for the class. Lamarck distinguished 
(18 iS) only 1:hree Brachiopod genera (Orbicula, Terebratula, 
and langiila), and erroneously transferred Discina, Calceola, 
and Crania to* the Lamellibranch family of the Hippurites or 
Rudistes. I^lainville, tn the Miamiei de Malacokgk* {1^2:^)^ 
substituted for the Cuvieriaii name that;^of Paliiobranchiata, 
and united under this name not only the then known 
Brachiopods, but also the Rudistes and some fossil Lamelii* 
branchs, e.g, Plkgiostoma and Podopsis. 

In 1834 Leopold von Buch published a memoir On Tere- 
hratulas^ which had a powerful influence. He drew attention 
to many peculiarities of these shells which had previously been 
little ncpticed, and he designed a system of classification based 
mainly upon the characteristics of the hinge region. This 
memoir was followed during the next decade by a number 
of contributions, pre-eminently stratigraphical in tendency, by 
J. Phillips, Verneuil, D’Orbigny, Barrande, and others. The 
anatomy of the Brachiopods was made the subject of investi- 
gations by Cuvier, Owen (1835), King, Hancock (1858); the 
finer structure and the internal architecture of the shells 
was examined by Carpenter (1844), King (1846), and 
Gratiolet. 

King in 1846 drew up a new scheme of classification, using 
as the chief features of distinction the character of the brachial 
or labial appendages, the muscular impressions on the inner 
surfaces of the valves, the septum, and other internal structures. 
In the monograph of the Permian fossils (1849-50) King com- 
pleted his system and sub-divided the Brachiopods into three 
orders, sixteen families, and forty-nine genera. Thomas 
Davidson^ simplified and imprwed King’s classification, but 
adhered to most of the fundamental principles enunciated 
by his predecessors. The first" volume (1851) of Davidson’s 

^ Thomas Davidson, bom 1817 at Moir House in Midlothian, Scotland, 
passed his youth for the most part on the Continent, and divided his interest 
between art and science. He worked in Paris in the, atelier of Horace 
Vernet and Delaroche, and attended the lectures of Elie de Beaumont, 
Milne-Edwards, and other professors. In Edinburgh he studied natural 
sciences, and when in Rome on one occasion it was suggested to him by 
Leopold von Buch to make a special study of fossil Brachiopods, and that 
became his great life’s work. He took up his residence in Brighton, and 
died there on the 14th Octot>er 1885. 
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series of monographs on ^the British Fossil BracMopods 
begins with a masterly exposition of the organ isitti on of living 
'' Brachiopods. For this introductory chapter Owen had 
undertaken the anatomy of living h^rachiopofi types, and 
Carpenter the detailed structure of the shell. 

The whole series of the British Fossil Brachiopods was com- 
pleted in 1870, the finished work being^presented in the form of 
three handsome volumes published by the Paheontographical 
Society; the illustrations were drawn by the author himself. 
Three supplementary volumes%ere added between 1873 
1885, and finally Davidson contributed a reviCw of the living 
Brachiopods and an exhaustive bibliography of the whole group. 
Davidson’s work brought the knowledge of fossil Brachiopods 
to a higher standpoint of excellence than had been reached by 
the paleontological knowledge of any other group of inverte- 
brates. His classificatory system has continued as the standard 
of all subsequent research. 

At the present day the number of palaeontologists and strati- 
graphers who interest themselves in fossil Brachiopods is so 
large that it is quite impossible to attempt to mention here 
the more recent widely-scattered literature. It will suffice to 
indicate the leading tendency in the newer works. Whereas 
Davidson in his systematic treatment allowed for a considerable 
extent of variability in his definitions of genera and species, the 
new direction of research guided by Hall, Clarke, Beecher in 
North America, and by Waagen and Bittner in Europe, 
■tries to restrict generic and specific definitions within the 
narrowest possible limits, in order to enhance the value of 
fossil Brachiopods for the characterisation of stratigraphical 
horizons. A systematic review of all known Brachiopods forms 
an introductory chapter in the comprehensive monograph of 
Palaeozoic types which has' been published by Flail and 
Clarke. The number of genera has been greatly increased, 
and in many cases species have been elevated to the rank of 
genera. A new classification was proposed in 1889 by Beecher, 
in which it has been the author’s aim to bring the ontogenetic 
and phylogenetic development of the group into more apparent 
correspondence, and to apply the differences in the beak region 
more often for systematic distinctions. 

Mollusca. — Palaeontology has taken no small share in 
building up a knowledge of concholc^y. The study of the 
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soft parts of livina; molluscs, as well as the foundation of a 
natural systefti of classification, l?as been reserved for zoology. 
Pateontology has in all cases followed the results obtained y» 
the sister science, since the group offers considerable [acito^ 
for anatomical studies, and there was much moie hope to 
arrive by such nieans at a true comprehension of this complex 
and divL-siform group? Lamarck, in his Nahtral ifistory of 
JnveitcbraUs (1816-23), created the n^iidern basis of Con- 
chology, and his proposed system of the Mollusca was supple- 
inted and partially improved by Paul Deshayes m a new 

edition of Laiflarck’s work, and in an independent text-book 

(18^9-59), which was unfortunately left incomplete. Iht 
chief works of the latter half of the nineteenth century which 
supply a general account of living and 
thlUoi S P. Woodward (1851-54). f 
• T. C Chenu (1859), W. Keferstem (1862-66), r.^ J^iscner 
( isSo), and E. Ray Lankester {Encyclopadia Bntannica). 

The palteontological literature on fossil mollusca is exceed- 
ingly voluminous." Several pateontological monographs are 
devoted to the detailed description of molluscan faunas 
characteristic of definite formations, but still more fre- 
quently the molluscan forms are treated together with other 
groups of the animal and plant kingdom in works of a 
pronounced stratigraphical tendency. Thus it is extiemely 
difficult to extract from the scattered memoirs in Journals 
and Transactions an accurate historical representation of t e 
advance of paleontological research. The authors ^ave 
contributed most to our knowledge of laleozoic Mollusca 
are Phillips, MacCoy, Salter, Hall, Billings, Whitfield, Seebach, 
Barrandef Freeh, Waagen, King; Triassic Mollusca have been 
made the subject of careful researches by Laube, S^ttner, 
Von Wohrmann ; Jurassic Moltasca have been described by 
Klipstein, Loriol, Seebach, Zittel, B 5 hm, and others; Cre- 
taceous Mollusca by D’Orbigny, Reuss Picteh Re^vier, 
Stoliezka, Muller, White; Tertiary Mollusca by Philippi, 
Deshayes, Beyrich, Koenen, Wood, Hoernes, Sacco, Morton, 

The systematic questions have been discussed iri_ detail m 
the works of Deshayes, D’Orbigny, Pfetet, and Stolicska A 
special monograph of Terrestrial and Freshwater Conchy ha, by 
Sandberger, affords an interesting survey of the_ phylogenetic 
history of these forms in the course of the geological periods. 



402 HISTORY OF GEOLOGY ^#0 PALEONTOLOGY. 

Individual classes nSde “r'aphls 

tion (1869), and scve>^ Cretaceous family of the Rudistes. 
the consideration of cation 3 f the Lamelli- 

Neumayr in 1891 prop ‘ of 4 he hin'^e, and Jackson 
^'TBJnSlSamed'to make the developmental history 

of shells and hinge useful g if^Gsr^oo extensive 

The literature on fossil ,„,ed all 

to be revie\\ed. As c -.i •jvT«„tilus and the Foraminifera 
the Cuttle-fishes toge icr w ^ ^ ranked as a 

in one group, which he narnca o j y ^ molluscs, 

distinct class clearly difleren u cuttle-fishes was carefully 

The anatomy and ™°'-S^t®Chbic the brilliant ana- ' 

studied by Cuviei % 3,,] q,-, the Pearly Nautilus 

tomical i.'^to the relationships of the 

an?Se%5Sr^^ irad°dLion to NaSs aid 

I.amamk in 1801 had Baculites, and had 

SSfort (180S), Sowerby, and Paridnson^added 

SSfElJTn'd;. three tamilie. (Amreoeto, Gonktitee. 

“Sd'etenc. «» =<l-f .‘j, «■' iSS'““ .hi 

Leopold yon (jjgtiog^uished two chief groups, 

mg to the ‘°™ , Ammonites. Buch introduced a 

Goniatites, Ceratites, and Ammom^ 

KT hS°gu|hed InhfshenrilrtVhr 

with the shape and decora 1 spirally-rolled forms were 

Sr 1 V 5 ;r=' 1 i".r.he“» 5 h'Bec„.i,cs end the 
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hook-shaped ‘Hamites, and the ^rious groups were recognised 

in the classification by the use oi descriptive adjectives. Buch 

also gave a" clear exposition .of the progressive complicatioif • 

rn the sutiital lines ^whichvcould be observed in following 

the phyiogeny of the Ammonitidte from the Palasozoic epochs 

through the hlesozoic, and showed how a surmise ipight be 

made respecting, the %ge of an Ammonitid genus from the 

relative degree of complexity- in the sutua^al limits. 

Buch’s three sections, Goniatites, Ceratites, and Ammonites, 
were defined by subsequent %riters SiOre in harmony with 
zoological deffhitions* of the group, but the discovery of the 
rich Triassic fauna of St. Cassian showed that the distinctions 
between these sections were by no means so sharp as had 
been supposed. Buch’s work undoubtedly gave a new impulse 
to the «tudy of fossil Cephalopods. The middle decades of 
the nineteenth century saw the publication of a large number 
of memoirs, elucidating the genetic relationships of the Palaeo- 
zoic and Mesozoic genera. The erection of new genera and ^ 

species went on rapidly, and the necessity began to make itself ^ 
felt for a further sub-division of the typical genus Ammonites. 

Barrande, Hall, and other authors had already divided the 
original Nautilites into a number of genera. 

The decisive step of sub-dividing the Ammonites was 
ventured by Suess in 1865, In a short memoir on the 
organisation of the Ammonites, Suess converted the adjectival 
nomenclature of the individual groups of species into names 
of genera (Phylloceras, Lytoceras, Arcestes), and pointed out 
that in addition to the sutural line, external form and orna- 
mentation of the shell, there were other features of systematic 
value, such as the margin of the mouth and the length of the 
chambers. A similar reform was advocated by Alpheus Hyatt 
in his memoir on the Liassic i^mmonites (1869), The pre- 
vious nomenclature of families was discarded by Hyatt, and 
numerous new genera were erected, whose limits were much 
more narrowly defined than had been customary. As one 
might have expected, the new tendency met at first with strong 
opposition, but it w^as supported and followed by Laube, 

Zittel, Mojsisovics, Waagen, and Neumayr 

Waagen in 1871 combined the Ammonitid genera ®in eight 
groups, attributing great importance to the presence or absence 
of the shell plates termed “ Aptychus” and Anaptychus,” 
and to the particular Structure of these remains. Neumayr in * • 
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1875 attempted to ®“^fjJ’^|gniprovilTeetved to show how 
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After Suess and Hyatt had opened the gates for the 
creation of dew generic names*the palaeontological literature 
of the Cephalopods was inundated by innumerable new generg 
and special, most of them only narrowly defined. The 
number of species "increased in a short time to several 
thousands. At the same time, new genealogical tables were 
constantly being constructed, and were as often a littfe altered 
and a little*iniproved. The leaders in this extreme movement 
of breaking up the genera and species are Hyatt, Mojsisovics, 
and Buckmann. A 

The Aptyclius and Anaptychus remains were the cause of 
much controversy. Many authors, for example, Scheuchzer, 
Walch, D’Orbigny, and Pictet, had supposed these plates to 
be the shells of Cirripedes ; Parkinson and Schlotheim had 
explaiied them as Lamellibranchs, De Luc and Bourdet as 
the jaw-bones of some fish, while Hermann von Meyer had 
ingeniously explained them as parasites of the Ammonites. 
Ultimately it was universally accepted that they were, es- 
sential parts of the Ammonites, and they were sometimes 
looked upon as the internal shells of Dibranchs or Am- 
monites, sometimes as cover-plates of Ammonites. The 
latter view, originally advanced by Riippel, has been con- 
firmed by recently discovered specimens. 

Among the Dibranchs, the fossil Belemnites and the forms 
nearly related to them have received a fair amount of 
attention in palaeontological literature. For many centuries 
Belemnites had been known and had passed under various 
designations, thunderbolts, deviFs-fingers,'^ “ lynx-stones,^’ 
“Lyncurium,” etc.; Agricola described them and gave 
illustrations, and from his time onwards they had a place 
among the known “ petrefactions,” although the older authors 
referred to them as “Echinid”*needles, or other organism, or 
sometimes thought them merely mineral structures. Ehrhardt 
was the first to compare Belemnites with the shells of Nautilus 
and Spirula, and De Luc pointed out their resemblance to the 
enclosed shells of Sepias. The large work of Knorr and 
Walch contains a good account of Belemnites, and a memoir 
by Faure-Biguet (i8ro) gives numerous illustrations of 
species. * * 

The influence of zoological advances was first clearly shown 
in the suggestive paper by J. S. Miller (1826) published by 
the London Geological Society. Soon after, two very good 
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n^onoffraohs were contributed by Ducrotay de Blainville 
monogiapns Slainville’s monograph begins 

Sh’l hUirraiS, proceed, lo B-o ™ ,™>" 

Lcriptico of .»mero„yp«.s; 

cZ.’ SsZ. 830). Zicon, D"'»'-Z.r.ZZ«Zn“ 

fp^W-iv'e^'r” 

^^nn! Of soecies ccRnprised under the generic name of 
BelemnUe More recent pateontological work has broken up 
fhe old genus and founded several new gjmenc names. 
Irnpitanfcontributions to the knowledge of the organisation 
orDecapodous Dibranchs were made by Owen 1844, 

St It ss t S 

^r/Z^wyS^iif—Poalseontologically 

r tn“° 1 i^re 1 - Bes‘marest 

published a Natural History of the " 

a clear exposition was given of the "^o^t^'cal ^ g 

Sr tt,:)tS^^^ci„ 

manner, chiefly from the zoological standpoint (Bronn Lk 
und Ordnungen des Thierreichs, vol. v.). 

AmLa the individual orderg, the Tri obites have been of 
the greatest interest for palieontologists. 1 ‘’®t^PPeare in 
older literature frequently under the names rnnuUei (Lnuy ) 

KZn^oS,lZ■ZwS«.ZnZ.r.r. 

^velal treatises on the order of Trilobites appeared during 
the first half of the nineteenth century : the monogiapr y 
SveSS palaeontologist, J. . W. Dalman in x8z6 1 by an 
American author, J. Green, m 1832 ; by the Gu an autgrs 
Quenstedt (183?), H. F. Emmridv Goldfuss (1843). 
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Burmeister (1843), Beyrich ; by the Englishmenj 

Portlock (1^43), Salter, Phillif^s, and MacCoy ; and the 
Frenchman, Marie Rouault (1847). Dalnian and Burmeister# 
proposed a *precise nomenclature for the individual parts of 
the body, and the speSial terms were still further increased by 
Beyrich, Salter, -and Barrande. For the purposes of systematic 
arrangement, Dalman and Goldfuss used especially the i^Tresence 
or the absence of eyes, Quenstedt the number of the body 
segments, Burmeister ^ the capability *of rolling up, the 
characters of the pleura, and the general form of the body. 
Emmrich prop<»ed to use the external characters of the eyes as 
a systematic feature, and pointed out the systematic importance 
of the facial suture” in the head shield of the Trilobites. 

The publication of Joachim Barrande’s admirable monograph 
of the ^Bohemian Trilobites (1852, and Supplement 1874) 
marked a great advance in the knowledge of Trilobites. AW 
that had been previously known about these fossil Crustacea is 
carefully considered in this work, and new observations of high 
value are added. In so far as Barrande elucidated the con' 
stitution of the eyes, the structure of the carapace, the 
phylogeny of a number of genera, his results have been fully 
accepted by later authors, but the application which he made 
of the characters of the pleura in his systematic scheme has 
not been adopted. 

There could be little unanimity of opinion regarding the 
relations of the Trilobites to the living Crustacea, so long as 
nothing certain was known about the character of the append- 
ages in the extinct group. Zoologists were always inclined 
to emphasise the resemblance of Trilobites with living Isopods, 
but Burmeister pointed out the essential difference between 
the two orders ; after a series of comparative researches he 
concluded that the “feet” of t^e Trilobites had been of a 
soft character, much as is now presented in the Phyllopods, 
and that in many respects the Trilobites showed close affinity 
with the Xiphosura. Gerstaecker assigned (1879) the Trilo- 
bites to the Entomostraca (Gnathopoda') as an independent 

^ Hermann Carl Burmeister, born 1807 at Stralsund, studied Medicine 
and Natural Science in Greisswald and Halle, began his career as a 
gymnasium teacher and University tutor in Berlin ; in 1837 became 
extra-Ordinary Professor of Zoology in Halle, in 1842 full Proi^sor ; in 
1850 and 1856 travelled to Brazil, the Argentine and Chili, and in 1861 
was called to Buenos Ayres to be Director of the Natural History Museum, 
which he had been instrunwital in establishing; died there 1892. 
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" TTnpokel Walcott, and Others gave 

order; BenedeivDo , l«Ebmologies with th# Xiphosura, 

.till more '™gt| Trilobitel with this order in the classifict- 

i~ 

descriptions of we jau ^nd Walcott (1804) Thus, 

Matthew (1893), Beedier ^^.^94). ‘ ^ the classifica- 

witbii, recerrt »“!• " ^,Ts 

SeTSu1h'Sa»“Ll0S»ht stiil regard then, as 

phological lelations ^ ^ W'oodward, whose monograph 

'o'.“r BdS.: TrilobiSl; i» =»»»»«“»’ 

‘”chS.“Dr,£°.^abS^^^^ Unowledge-of fossil Cirri- 

/tS^i K4.) upon a scientific basis, and subsequent 

?Sk.tU by BoaVt. R«». “A',™? ^ 

ns Sr^inr "tS Ostracods, bnt 

eatinct ancestral order of the E“ypMrida ““f ! 

birred. Dr Woodward has made , srgo.l aB~“”|,„he 

mo°i»|«?hs°wh‘* af^^d » ‘k' StT- 

MacCov (1849I and the memorable anatomical reseaichcs 
of" Thomas Huxley afterwards threw new light on the e\o u- 
ton ortSe MeoLmata. Although of. less commanding 
IntereS Siple justice has been done in pateon olog cal 
literature to the fossil Phyllocanda, or the 
the Branchiopoda, and also to fossil Isopoda, Amphip , 
Stomapoda, and Decapoda. • 
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The .herature on fossil 

that on consequence, 

into the haod. o f^. and merit. Myriopod 

vastly incre^i g disdbvered in the amber layers and gypsum 
remains were first discos a Westwood m 

series of Aix, and _m 18.45 . ‘ . „ q KJjch and 

by the excelleiisfe works of W Dawson {i^59h 

. fnaim ~c»r;mg‘ln the Otr^Sr ^ ctJ^niS* 

Sc. ?™ rf the'lilinois district ?"■! 

S;Zn^ aSor^f^r =Ed 1 e^^l SSc 1 sms 

remarkable and ° The numerous fossil insects 
fo°unfhrthe°Sh;graphic shales of Eder'S 

Lodie and Westwood, and several authors htive 
accounts of the fossil insects in the Tertiary deposits of different 

countries. 

Undoubtedly pateontology has achieved its 

greatest successes in the domain of “’“f 

die very beginning of the nineteenth century, Cuvier had 

establis^d sLh an admirable Sf heked 1 
it was made almost impossible for any one ^^ho lacked a 
thorough scientific training to attempt to continue a work 
so gloriously begun. Thus the number of authors who have 
occS^tlLmsIves with fossil Vertebrates is at once un- 
usuaFly small and exceedingly select, with the result that the 
average quality of the works in,, this department of pal^o”' 
tology is^of very high order.- A general account of fossil 
Vertebrates will be foi*nd in Owen’s Palaoniology (i 6 ), 
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P. Gervais^s Zoologie et Paleontologk Frmi§aise (184S to 1852), 
in Albert Gaudry's Enchain^nents du monde anmal dans ks 
Jemps geologiqms (1878-96), in ZitteFs Handbttch der Fald- 
ontologie (vols. iii. and iv., 1887-93), in l.rdekker and 
Nicholson’s Manual of PalcBOfito logy (i'ol. ii., 1889), and in 
Smith-Woodward’s Outlines of Vertebrate Fakedniology (1898). 

A hit^hly instructive line of origina#* research was carried 
out by Owen in his comparative study of the te%th of fossil 
Vertebrates, and important advances were made by the 
publication of his Odontography (i 840-45). This work pro- 
vides a fundamental exposition of the teeth m the different 
classes, orders, and families of the Vertebrates. A similar 
work by C. G. Giebel (1855) is far from equalling its English 
model either in respect of its illustrations or its original 
observations. r 

The scientific knowledge of Fishes may be said to have 
begun with the pioneer researches of Ray and Willoughby in 
the seventeendi century. These zoologists, who were the first 
observers to distinguish definite ‘‘species” in the organic 
world, laid the foundation of empirical details regarding fishes 
in their famous Historia piscium (1686). Artedi (1705-34), a 
contemporary and fellow-student of Linnaeus, made an excel- 
lent classification of the genera known in his time. Towards 
the close of the eighteenth century, Dr. Bloch’s system of 
classification was in great favour, although his work on fishes 
was far less notable than that of his French contemporary, 
Lacephde. But a complete reform was necessitated by 
Cuvier’s searching anatomical investigations, and the system 
of Cuvier and Valenciennes superseded all previous systems. 
In common with the earlier system, the Cuvierian classification 
was founded exclusively upon living forms. What was known 
of fossil fishes was inserted gjong with the living genera, in 
whatever position seemed most expedient to the particular 
author from his examination of external features. 

The famous investigations of L. Agassiz (1833-43) supplied 
palseontology with a much broader basis of detailed research. 
Accompanied by capable draughtsmen, Agassiz visited all the 
larger museums and private collections in Europe, examined 
the fossjil fishes preserved in them, and published, in five 
volumes, a magnificently illustrated monograph as the fruits of 
his ten years’ labour. Starting from the standpoint of his 
anatomical studies, in which he was fortunate in having the 
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assistance of C Vogt, Agassiz was enabled to elucidate many 
obscure poin<^s in fossil fishes.^ Agassiz also introduced 
emendations in the classification of recent fishes, and added • 
many new da% regarding the evolution and the range in time 
of the various families. His sub-division of fishes into 
Placoidei, Gancfidei, Cycloidei, and Ctenoidei, according to 
the, scaly skeleton, was certainly one-sided and artificial, and 
had to be discarded. At the same tim^ Agassiz conferred 
a great boon when he brought the Ganoidei into the strong 
relief of a sub-division, and insisted upon their importance 
both as essentiaWinks in the phylogenetic history of fishes and 
as a group comprising many specific types of high value for 
the characterisation of geological horizons. Agassiz was the 
first scientist who, in discussing the genealogy of fishes, 
pointed ^out the correspondence between the characters of 
.different forms succeeding one another in time, and the 
characters of successive phases passed through by an organism 
during embryonic development. The observation was one of 
those far-reaching truths which are now and then wrested from 
nature; Haeckel- ^Yorked out the same idea and elevated it 
to its merited rank as a fundamental bio-genetic principle. 
Hence, although the actual classificatory system proposed by 
Agassiz for the fishes could not supersede the Cuvierian 
system, and was soon appreciably changed for the better by 
Johann Muller’s valuable works (1844), the name of Agassiz 
will always be among the most honoured in ichthyological 
literature. A later monograph on the remarkable fishes of the 
Old Red Sandstone was in many respects supplementary to 
the earlier work of the Neuchatel savant 

A large number of special memoirs followed the works of 
Agassiz and Muller, and gave a greater insight into the remark- 
able varieties and wide distributipn of the remains of fossil 
fishes. Those of Grey Egerton, Count Munster, Andreas 
Wagner (the Director of the Museum of Natural History in 
Munich), Costa, Thiollibre, Pictet, Von der Marck, Kner, 
Zigno, Steindachner, H. von Meyer, Traschel, are all works of 
high palseontological merit. Pander’s monographs on the 
fossil fishes of the Silurian and Devonian deposits in 
Russia (1856 and 1858) are distinguished by exceptional 
discernment, and by the wonderfully successful drawings 
of the microscopic structure of teeth and scales. It proved 
a difficult matter to determine the essential characters of 
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gills, and cartilaginous occmital regioiv: and the Labyrin- 
thodonti, comprising the yo&nger LabynnthodcTits. Dawson 
added a third order, the remmns occur m 

the Carboniferous rocks of Nova Scotia,^Ohio,_ and Illinois. A 
few complete skeletons of Palaeozoic Amphibians from Ireland 
were described by Huxley (1860-67), m addition to different 
Labyrinthodonts from deposits in Austialia, South Afiica, 

“in th? year iSdgTE. D. Cope united all known Pateozoic 
and Mesozoic Amphibians imder the name of Siegocephah, 
and added a fourth order, XenorJiachm, charfcterised by soft 
vertebr®. Miall. in 1873-74,. nmde soinewhat unsatisfactory 
attempts to remodel the classification of the Aauphibians. A 
rich discovery of Amphibian remains m Bohemian and 
Moravian Permo-Carboniferous deposits formed the si^bject of 
an admirable monograph by A. Fritsch, wherem rnany new • 
genera are described in considerable anatomical de ail. A few 
Lrs later, in the “Red Underlyer” horizon of the Permian 
deposits at Niederhasslich, near Dresden, Hermann Crednp 
discovered a dolomitic bed with numerous^ Stegocephali in 
excellent state of preservation. The examination of these 
occupied many years; the results appeared between i_ 88 i and 
180Z in the Zeitschrift of the German Geological Society, and 
considerably advanced the knowledge and the systematic tmat- 
ment of the group. From time to time material is found m a 
good state of preservation, and the number of known species of 
Pateozoic Stegocephali found in Europe has steadily increased. 

In North America, also, new material is frequently found. 
Cone’s investigations of the remains of Stegocephali in the 
Permian deposits of Texas induced him to propose a classifi- 
cation based chiefly on the different characters vertebra 

and many of his suggestions have been adopted in Zittel s and 
Credner’s classifications. New discoveries of Stegocephali 
occur less frequently in the Mesozoic deposits. E. hraas 
published (1889) a monograph of the Swabip Inassic Laby- 
rinthodonts, based on the excellent material in the museum at 
Stuttgart, and R. Lydekker described various remains from 
the Triassic deposits of India and South Africa. The fossil 
Urodeles in Cretaceous and Tertiary deposits 
the subject of monographs by H. von Meyer, Goldfhss, Larte , 
Dollo, and others; while Cope, H. von Meyer, Filhol, and 
Woltersdorff have studied fossil Anura." 
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the Pateontographica. Along Cuvierian lines, Meyer and 
Owen extended in Europe rthe knowledge of fossil reptiU^, 
r while the able American palaaontologists, J. Leiciy, O. L. 
Marsh, and E. D. Cope, were at work on the reptilian remains 

of North America. ^ 

The osteology of the Jurassic Ichthyosautiaos was early 
elucidated by Conybeare, Hawkins, B-ackland, Owen, Jaeger, 
Broun, and others ; valuable work on this poup of baurian 
has been more recently contributed by Seeley, G. Baui, and 
E Fraas The Plesiosaurids^ Nothosaundie, and Rhjncho- 
cephali have also been carefully investigated by^alifiontologiste. 

1 dassical treatise by Huxley (1875) sipal y_ advanced the 
knowledge of the genetic relations of the fossil and living 
crocodiles. 'Phe Triassic Parasuchia were made knowm by 
Meyer, Huxley, and Cope, the Pseudosuchia by Ct. Fraas, 
and more recently by the careful and accurate studies of E. 1. 
Newton (1894). Jurassic and Cretaceous crocodiles have 
been treated by Koken and Dollo, and the lertiary forms by 
Vaillant, Lydekker, and Toula, in addition to Meyer, Owen, and 

Other earlier authors. . 

Palaeontological literature is more limitea regarding fossil 
lizards and serpents. The Mosasauridie or Pythononiorphs, 
whose affinities with the lizards were recognised by Cuvier 
were afterwards elevated to the rank of a separate _ order by 
Cope, and have formed the subject of several in i ortant 
memoirs by Marsh, Cope, Owen, Dollo, Mernam, Williston, 
and Gaudry. Remains of the winged Saunans had been 
known in the eighteenth century, but it was Cuvier who first 
recognised that their systematic position was among the 
Reptilia. The exquisitely preserved skeletons from the litho- 
graphic shales of the Franconian and Swabian Jura aroused 
great interest, and were the subject of many excellent memoirs 
ly Count Miinster, Goldfuss, Meyer, Wagner, Praas, Marsh 
Zittel, Ammon, and others. Liassic Pteri^actyles we e 
described by Buckland, Theodon, Owen, and Pheningei, and 
Jurassic and Cretaceous forms were carefully examined by 
several of the leading authorities among British and American 

^^ThT^gSc, extinct Dinosaurs were discovered relatively 
late. Buckland. in 1824, made known the first remains of 
this order under the generic title of Megalosaurus. In the 
following year, Mantell discovered the* remains of Iguanodon 
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and Hylseosaurus in the fluviatile Weald clays of Sussex, and 
Owen, in i^i, proposed to con^rise the genera then known 
as a distincc order under the name of Dinosauri. Furthej 
discoveries cpntinued to increase the number of known genera, 
and in 1866 Xope divided the Dinosauri into three sub- 
orders (Orthopioda, Goniopoda, and Symphypoda). In a series 
of very important men^oirs devoted to the osteology, dassifica- 
tion, and gaiealogy of the Dinosaurs (1868 and 1869), Huxley 
pointed out the essential affinities bflhe^Dinosaurs with birds, 
and even designated the genp^s Compsognathus as a uniting 
link between tjjjis extinct group of reptiles and the younger and 
more specialised group of birds. 

Ten years later, Marsh began to publish the results of his 
examination of Dinosaur specimens which had been discovered 
in extraordinary number, and often in a perfect state of 
preservation, in the western states of North America. Marsh 
conducted his researches for twenty years, and inaugurated a 
sweeping reform of the classificatory system of Dinosaurs. 
Alongside this memorable discovery of Dinosaurs in North 
America, Europe can place the discovery of twenty-three 
wonderfully preserved skeletons oT Iguanodon near Bernissart. 
These were carefully disinterred under the guidance of 
Dupont, and afterwards excellently described by Dollo. 
Besides the authors already named, Hulke, Seeley, Lydekker, 
and Baur have made valuable contributions to the know- 
ledge of this interesting extinct order of Saurians. 

Under the name of Theromorpha, Cope, in 1880, erected a 
new order of Reptiles, in which he placed rather an ill-assorted 
assemblage of fossil forms. The Placodonts from the Mus- 
chelkalk were the first known representatives of this order, 
but notwithstanding the memoirs of Munster, Braun, Meyer, 
and Owen, the affinities of the Placodonts are still very obscure. 
As yet the skull, jaws, and teeth are the only parts of the 
skeleton that have been found. 

In the year 1859 Owen erected the order of Anomodontia, 
for certain remarkable fossil Reptilian remains which had been 
discovered in South Africa by G. Bain as far back as the year 
1838. Afterwards Owen (1876) separated the Theriodontia 
from the Anomodontia, and erected it as an independent 
order characterised by numerous well-differentiated teeth. 
Owen then devoted a special monograph to all the Reptilian 
remains from the Karroo formation in South Africa, and his 
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work in this direction has been supplemented by the more 
recent monographs of G. Seeley. In ^880, Gope 
described several representatives of Theroniorpha from the 
Permian deposits of Texas, and E. T. Newton ^has recently 
made known some remarkable genera uf Anomodontia from 
the Triassic Sandstones of Elgin in Scotland. 

Birds , — Cuvier gave an account of the few remliins of fossil 
birds that were knowTi in the beginning of this century. A 
general review of the geological distribution of birds was 
contributed by Milne-Edwards (1863), who alsQ, provided, in a 
large monograph (1867-72) of the fossil birds of France, an 
osteological basis for the study of this class. In the year i860 
a fossil feather was discovered in the Jurassic shales of 
Solenhofen, and a year later at Eichstatt a whole skeleton of 
the oldest fossil bird was found. It was, however, described 
by A. Wagner as a winged reptile. Sir Richard Owen (1863) 
recognised in it the characters of a true bird, notwithstanding 
the long tail and the peculiarly constructed front extremities ; 
several palaeontologists thought it intermediate between birds 
and reptiles. A second specimen of Archaeopteryx was found 
at Eichstatt in 1877; it was obtained by the Berlin Museum 
and described by Dames (1884). In 1875, Marsh drew 
attention to the occurrence of toothed birds in the Cre- 
taceous rocks of Kansas, and published a monograph in 1880 
with excellent illustrations of these Odontornites. The re- 
markable fossil giant birds of New Zealand were described 
in detail by Owen (1849-86), and the powerful E 2 pyornites of 
Madagascar were studied by Bianconi, Grandidier, and Milne- 
Edwards. The comprehensive work of Fiirbringer (1888) 
contains a full exposition of the phylogenetic relations of fossil 
and living birds, and is of the utmost importance for the 
morphology and classification'' of birds. 

Mammals , — No sub-division of Palaeontology was so far 
advanced in the beginning of the nineteenth century as that of 
fossil Mammalia. CuviePs famous investigations on fossil 
bones (ante^ p. 135) not only contain the principles of a 
Comparative Osteology, but also show in a manner that has 
never been surpassed how fossil Vertebrates ought to be 
studied, and what are the broad inductions which may be 
drawn from a series of methodical observations. A consider- 
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able part of the fossil mammals that occur in Europe are 
exhaustive^ described in Cuvier’s classical work, and until 
Darwin Ix^an to interest himself in the palseontology gf 
the fossil Mammalia, the study continued to be followed 
entirely along the liifes indicated by Cuvier. The Osteology of 
Rece 7 it and Fossil Manwiaila, a large work in four volumes by 
Ducrotay de Blainville,^ was prepared strictly after t 4 re model 
of Cuvier’® writings, * though the copy comes very far short of 
the original Still Blainville had at his^isposal unusually rich 
fossil material, and his illustrations were prepared by draughts- 
men of excepj^ional skill and technique. In artistic treatment 
and scientific accuracy, the plates which accompany Blainville’s 
Osteology are perhaps only surpassed by the magnificent draw- 
ings of the skeletal parts of recent mammals by Pander and 
D’Alton (1823-41). Giebel’s Fatma der Vorwelt contains in 
the fii%t volume a concise and faithful account of all the fossil 
Mammalia known up to the year 1847. A newer summary of 
the subject is comprised in R. Lydekker’s Catalogue of the 
fossil Mammalia in the British Museum (1885-87), and a still 
later account ki the Introduction to the Study of the Livmg and • 
Fossil Ma^nmals ( 1 89 1 ) by Flower and Lydekker. An enumera- 
tion of all known fossil Mammals was drawn up by O. Roger 
(1887 and 1896). 

In contrast to Cuvier’s anatomical and descriptive mode 
of treatment, Gaudry, in the first volume of his work, 
Enchai?iemenis du Monde Afimial (1878), aimed rather at 
elucidating the genealogical relations of fossil Mammalia 
in an attractive manner, and at demonstrating the gradual 
transformation of certain types in the course of the geo- 
logical periods. Many writers on fossil Mammalia, among 
others Huxley, Riitimeyer, Cope, and Marsh, have brought 
forward weighty evidence in favour of Darwin’s theory of the 
descent of man. * 

In Germany, Goldfuss and G. Jaeger (1835) published 
Contributions to the Knoivledge of the Fossil Mammals found 
in the Diluvial deposits and in the Tertiary series of Swabia. 
The monographs of J. J. Kaup (1832-61) described the 

^ Henri Marie Ducrotay de Blainville, born 1778 in Argus near Dieppe, 
studied Medicine in Paris, was Professor of Comparative Armtomy and 
Zoology at the Normal School, and in 1832 succeeded Cuvier as Professor 
of Comparative Anatomy at the Botanical Garden ; he died suddenly in 
1850 in a railway compartment, while travelling between Paris and Rouen. 
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Tertiary Mammals of the Mainz basin, and also the remarkable 
fauna from Eppelsheim, near* Worms. Simultai^^ousiy with 
Kaup, I~I von Meyer Began his paiseontological writings with a 
iiVmoir on fossil antetypes of the horse (Hipparign) found at 
Eppelsheim, and on Cervus Aloes and Diflotherium Bavaricum 
(1832). Other monographs followed, describing fossil Mam- 
malian teeth and bones from Germaiiy and from different 
parts of the world. A. Wagner, the Munich paleontologist, 
has the credit of having first made known the rich Mammalian 
fauna of Pikermi, near Athen^ (1848-57); his works were 
afterwards superseded by Gaudry’s excellei^^ monograph 
(1862-67), wherein a fuller material collecteci by Gaudry 
himself is accurately described and discussed. By the death 
of PL von Meyer, Germany lost its best authority on fossil 
Mammalia. The gap was to a certain extent filled by 
Quenstedt and 0 . Fraas in Wlirtemberg, who carried* out a 
careful revision of Jaegeds preliminary account of the well- 
preserved Mammalian remains from the Swabian Alp and 
the fresh-water limestone of Steinheim (1870 and 1885). In 
recent years, M. Schlosser, O. Roger, Koken, W. Branco, 
and Pohlig are the leading German authorities in the research 
of fossil Mammals. 

In Austria-Hungary, Peters, Suess, Toula, A. Hofmann, 
Weithofer, Woldrich, and others have contributed valuable 
memoirs on the knowledge of Tertiary Mammals. The 
fauna of the Belgian caves was admirably described by 
P. S. Schmerling (1833-46), and similar investigations on 
the Diluvial Mammals of France \vere conducted by M. de 
Serres, Lartet, E. Chantre, and Lortet. France has always 
fostered the paiseontological research of fossil Mammals. The 
fundamental works of Cuvier and Blainville were followed by 
a large number of special memoirs. P. Gervais (184S-52) 
published a work on the zoology and palaeontology of the 
Vertebrates occurring in France. The Mammalian remains 
of the Department Puy-de-D6me (1828) were made the 
subject of special monographs by Croizet and Jobert; Pomel 
described those of the Rhone basin (1853); Edouard Lartet 
described the Miocene fauna of Sansan ; H. Filhol the rich 
Mammalian fauna of the phosphorus beds in the Oligocene 
deposits of Quercy and neighbouring localities; and V. Lemoine 
described the oldest Mammalian fauna of France occurring in 
the Lower Eocene rocks of Cernays, near Rheims. 
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One of the most celebrated paiseontoiogists in the domain 
of fossil ^ammalia was Rlitfmeyer,^ in Btle. His works 
cover a wide field of research and hold a high place in the 
literature. tSome 0^ the best known are his monographs on 
the fauna of the lake-dwellings (1862), his contributions to 
the Comparacive Odontography of the Ungulata (1863), his 
memoirs on the gi^ealogy of the Mammalia (1867), his 
discussion of the affinities between th^ Mammalia of the Old 
and New Worlds (1888), and his Contributions to a Natural 
History of the Ruminants (i865), of Oxeji (1866-67), and 
of Deer (188 #). Rlitimeyer is a convinced although cautious 
adherent of the Darwinian theory of evolution. His genea- 
logical trees of the Mammalia show a complete knowledge 
of all the data concerning the different members in the suc- 
cessio®, and are amongst the finest results hitherto obtained 
by means of strict scientific methods of investigation. 

In Great Britain, Buckland provided in his Reliquice Dilu- 
mance 2 f) the earliest general account of the Mammalian 
remains in the caves and the Diluvial deposits of that country. ^ 
After the production of Owen’s Natural History of the British 
Fossil Mammals and Birds in 1846, that observer was uni- 
versally recognised for nearly half a century as the greatest 
living authority on Mammalia. Throughout his long and 
active career, Owen contributed an extensive literature on 
British, Australian, South American, and Asiatic fossil mam- 
mals. Special interest was aroused by his memoir in 1891 
on the oldest known Mesozoic forms, from the Stonesfield 
and Purbeck horizons of Jurassic rock. Another zealous 
British palaeontologist was Dr. Falconer, whose Fauna Siva- 
lensis (1846-49), written in collaboration with Cautley, 
disclosed a new and extremely rich Mammalian fauna from 
the younger Tertiary deposits c^ India. After Dr. Falconer’s 
death, Charles Murchison collected several of his important 
memoirs on fossil Rhinoceroses and Proboscideans, and pub- 
lished them posthumously in one volume (1868). In more 
recent years, Busk, Flower, Lydekker, Boyd Dawkins, and 

^ Ludwig Rutimeyer, born on the 26th February 1825, at Biglen, in the 
Emmen Valley, the son of a pastor, studied at first theology, then medicine, 
at Bern University, but showed a preference for geology, zoology, and 
palseontology. In 1853 he was appointed extra- Ordinary Professor of 
Comparative Anatomy in Bern, and in 1855 Professor of Zoology and 
Comparative Anatomy at Bale; he died at Bale on the 25th November 

1895. 
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Leith Adams have been engaged in the pateontological 

research of fossil Mammalia. ^ 

' The broad plains of Russia have afforded numerous speci- 
mens of Diluvial fossil Mammals, the Tf;rtiary femations m 
the vicinity of Odessa and Bessarabia have yielded remains 
of the dclest fossil Mammals, more especially of Cetacea 
mid Pinnipedia. The leading investigators of th^e remains 
have been J. F- Brandt, A. von Nordmann, and M. Pavlom 
A rich fossil Mammalian fauna was discovered by Forsyth 
Major (1887) on the island df Samos, in formations coii- 

temooraneous with those of Pikermi. . , , n,T ..1 

Many Mammalian remains in the Diluvial deposits of Nort 1 
America were known as early as the eighteenth century. _ In 
hryear 1S57 Emmons discovered the famous Dinotheriuiii 
aw from the Triassic rocks of Virginia A strict scBntific 
investigation of fossil Mammalia was first inaugurated 111 
North America by Joseph Leidy, the Professor of 

Anatomy at the University of Philadelphia. In the_ year 
i8«, Leidy’s Monograph on ilie Mammalian Remains of 
' Sar/.. rivealed a\una quite different from aU f 

faunas then known. Two later works (1869 and showed 

that Mammalian faunas, of which no one had previously any 
conception, were interred in the successive Tertiary deposits 

in the Far West of North America. . . , p, p . 

The excellent publications of Leidy inspired O- U Marsh 
and E. D. Cope to begin in the early seventies their pro- 
lono-ed series of valuable researches on the fossil Mam- 
malian faunas in the Far West. Immense sums of rnoney were 
required, and were readily procured, for *e disinterment of 
the fossil remains. To the penetration of ^ - 

well-trained collectors, palaeontology owed the discovery of 

1 Othniel Charles Marsh, nephew' of the rich 
was born on the 29 th October 1831, at Lochport, m ^ew \ork btatc , 
studied in Y.ale College at New Haven, in Berlin, Heidelberg, and Breslau, 
and Svelled in Gennany, the Alps, and other parts of f 
his student days. After his return to America, he was ^ 

Professor of Pateontology at Yale University, and Diiectoi ot tne 

Geological and Palaeontological Department of the Museum 

by Pelbody, a post which he occupied for thirty years. 

numerous expeditions to the Far West, which was then a most '^^^spitaMe 

Lion, and iecured over a thousand new species of fossil ^animaha He 

beVeathed his private collection, formed at his own ^et^te 

Peabody Museum. The spedmetis collected at the 

are now in Washington. Pie died at New ila\^n, in Maich 99> 
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a richly diversified micro-fauna of mammals in the Upper 
Jurassic deposits, and a similar fauna in the youngest Creta- 
ceous horizons of Wyoming and Colorado. A monograph, 
with plates .pf very high excellence, was devoted by Marsh 
(1884) to the descrTption of the gigantic Dinocerati, which 
form a group ^f fossil Mammalia peculiar to North America. 
A large number of memoirs by Marsh appeared in successive 
publication^ of the American Journal of Sciences, and made 
known the important results of his res^ferches on the interest- 
ing faunas of the Far West, , 

Contempor^ieously with Marsh, his indefatigable rival, Cope, 
also worked at the fossil Mammals of the Western States. 
Unfortunately these two highly-gifted palaeontologists were 
not on friendly terms, and it frequently happened that their 
works ^ on special genera and species overlapped. Cope’s 
greatest interests were systematic, and he made several im- 
provements in the classification of the higher Mammals. His 
two reports on the extinct Vertebrates in New Mexico (1874) 
and on the Vertebrates of the Tertiary formations in the 
Western States (1884) contain an extraordinary wealth of new 
observations. Cope discovered a new fauna in the so-called 
Puerco formation, the oldest horizon of the American Eocene 
deposits. 

Cope’s work comprised the fossil Mammalian remains found 
in Mexico, Central America, and the West Indies. In Brazil, 
a Danish geologist, P. W. Lund, discovered and described 
(1841-45) a diversified fossil Cave Fauna. The wide Pampas 
in the Argentine, in Uruguay and Paraguay, proved to be a 
rich field for the remarkable fossil Edentate forms. The 
osteological characters of the gigantic fossil Sloths found 
abundantly here and in the Pleistocene deposits of other parts 
of North and South America have been investigated by Owen, 
Gervais, D’Alton, Huxley, Flow*er, Nodot, H. von Meyer, and 
more recently by H. Burmeister (1864-81), J Reinhardt 
(1875), and Florentine Ameghino. 

Next to the discoveries of Mammalian faunas in the west of 
North America, the most important palaeontological event of the 
two last decades of the nineteenth century has been the disclo- 
sure made by Florentino Ameghino of a rich Mammalian fauna 
in the Tertiary rocks of Patagonia. New forms are constantly 
being added from the inexhaustible fossil localities in the pro- 
vince of Santa Cruz. ^The fauna is being described entirely by 
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its discoverer Aaieghino, and has already thrown great light 
on the relations and real affinities of the exiting South 
4«nierican fauna. In Australia also, a number of new fossil 
Mammals have become known, and have been ^.d^ntified as 
the ancestors of the existing Marsupial Mammals, distinguished 
from them in many cases by the much greater ske of the fossil 
forms. r 

In addition to the above-mentioned writings, which for the 
most part treat whole^faunas or connected local occurrences, 
there are many special menioirs pf individual orders or families 
of Mammalia or on questions of Comparative<pOsteology and 
Odontology. The masterly works of W. Kowalesky (1874) 
and certain papers by Cope discuss the variations undergone 
by the extremities and the dental apparatus of the Ungulates. 
Cope’s ideas have been carried farther by Wortman, Schlosser, 
and especially by Osborn, who has proposed an odontological 
nomenclature of the individual elements of the back-teeth 
applicable to all Mammals. 

The occurrence of human fossil remains and of products of 
human activity, as well as the origin and evolution of the 
human race and its affinities to the Primates, have been made 
the subject of a voluminous literature. But since the task of 
seeking a solution for these problems now belongs to a special 
branch of science, Anthropology, Palaeontology confines itself 
more and more to the study of fossil floras and faunas. 


CHAPTER VL 


STRATIGRAPHICAL GEOLOGY. 
m 

The Early Foundations of Stratigraphy, — In the year 1762, 
Fiichsel proposed the term Formation for a series of strata 
accumulated under similar conditions and in immediate suc- 
cession^to one another. The expression was meant to indicate 
not only the origin, but also a certain horizon in the strati- 
graphical succession, and the particular geological age of the 
series. By Werner’s use of the term, it was given an essen- 
tially petrographical significance, and lost Flichsel’s conception 
of the serial suecession of rock-deposits. In Werner’s teach- 
ing, the rocks of similar petrographical character were united 
into a formation ; thus the sandstones were regarded as a 
“ formation ” distinct from the limestones, and the limestones 
represented a ‘‘formation” distinct from shales, porphyries, 
etc. But as formations of sandstone, limestone, etc., re- 
curred again and again in the rock-succession, Werner’s system 
allowed for this repetition by grouping the different petro- 
graphical formations into “ suites,” and supposing each suite 
to represent a definite period in the history of sedimentation. 

Brongniart and Cuvier, as well as most of their contem- 
poraries in France, associated with the term Formatmi merely 
the conception of a particular mode of origin and consequent 
character of the deposit. On the other hand, for a complex 
group of strata accumulated within a definite geological epoch, 
the expression Terrain was suggested by Bonnard, Brong- 
niart, and Prevost. In the works of De la Beche, the 
term Groups in Murchison’s writings the term System, is 
synonymous with Fuchsel’s conception of For^natmi, 

Humboldt followed Werner in giving to the Formation 
chiefly a genetic and petrographical significance, *but he 
assigned also a certain chronological value. He defined the 
Formations as “System^ of mineralogical accumulations, which 
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irp associated with one another in such a way that the;^may 
be re'^arded as having takenr- origin snnultaaieo^ly. Hum- 
SlSmitted that fossils were useful in identifying the age 
Scertahi rocks, but thought they could not supRjy a sufficient 

bas^for establishing a chronological succession of the forma- 
tions and the different horizons in the foimatioi.. 

In the year iSaa, Conybearei and Piulhps published a work 
on the ecology of England and Wales, which, althfiugh it has a 
duSocal colourir% gives a fairly comp ete representation 
S Xe Sological knowdedge-of the sedimentary rocks at 
i tiL The two authors applied _ throug^iout the work 
William Smith’s principle of determining the a.ge o le 
roSs upon the evidence of the fossils contained in them. 
Tim introduction contains a succinct historical sketch of the 
moemss of geology in Great Britain. The stratigraphjpal part 
begins wiffi a short description of the Alluvium and Diluvium . 
thin enters in fuller detail into the consideration of the 

tnen ^ u PVaolV ” the fornicitions that were 

“Formations above the Chalk, , Phillirxi Hif- 

afterwards grouped as Tertiary. Conybeare and Phillips di! 

• ferentiated^the successive horizons m this group, upon the 
basis of Webster’s and Buckland’s researches, into four hon- 

'"upper Marine Formation (Crag and Bagshot Sand). 
Fresh-water ,> 

Lon(ilon Clay 

»d the 'Oolite 

Phillips distinguished two mam sub-divisions in the Cretaceous 

uSerFretaceous System, comprising ChMk ^epojs 
Lower Cretaceous System, comprising Chalk Marl, Gieen 
sand, Weald Clay, apd ferruginous sand. _ ^ 

The sub-division of the Oolite formation was carried out on 
the basis of W. Smith’s observations. Conybeare and Phil ip 

"“TpltoSi Prtock Serie., W fo.l- 

, Clay. 

1857. 
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Lower Oolite System, with (a) Corn brash, (^) Forest 
IV^ble, (c) Stonesfield? Slate, (d) Great Oolite^ (e) 
Lower Oolite, (/) Marl Stone. • 

’ ■ Lias. - ^ ^ 

Between the Oolite and the Carboniferous formation, Cony- 
beare and PhMips recognised the formation of the Red Marl 
and New Red Sandstone, and that of the Magnesiali Lime- 
stone. No^fossils had been found in the Red Marl and 
Sandstone formation, but Conybeare fnd Phillips correctly 
compared the group with the Bunter Sandstone on the Con- 
tinent. The Magnesian Limestone of Sunderland, Durham, 
and Northumberland was identified by means of its char- 
acteristic fossils as an equivalent of the “Zechstein’^ and 
Copper Slate Series on the Continent (cf. p. 36), Conybeare 
also recognised in the Conglomerates of Devonshire a forma- 
tion corresponding to the Red Underlyer’^ of the Continental 
deposits. Finally, the Carboniferous formation was very care- 
fully described, and was sub-divided into four groups — Coal 
Measures, Millstone Grit and Shales, Carboniferous Limestone, 
and Old Red *Sandatone. 

This classic work of Conybeare and Phillips demonstrated 
in convincing manner that only with the assistance of fossils 
could a secure foundation be obtained for a comparative con- 
sideration of the sedimentary rocks, and although their paral- 
lelism of the English deposits with those of the Continent is 
often erroneous, the method which they adopted signified the 
scientific recognition and marked success of William Smith's 
reform. 

In Germany, after the collapse of Werner's system, geology 
seemed for a time to make no progress. It was only by slow 
degrees that the paleontological method could ingratiate itself 
with geologists. Keferstein's Tqdles of Comparative Geognosy 
(Halle, 1825) presents a curious combination of Wernerian 
ideas, Humboldt's teaching, and the influence of the new 
British methods. “ Neptunian Formations," six in all, and 
“Volcanic Formations," also to the number of six, are arranged 
in two corresponding columns. The Granite and Syenite are 
placed lowest in the Volcanic formations as the oldest 
Volcanic rocks contemporaneous with the gneiss* schist, 
greywackes, and slates that were comprised in the oldest 
sedimentary “Formation Suite” by Werner. The “Porphyry” 
Volcanic formation is, regarded as the contemporary of the 
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C*arhanifi.rous formations; the Augite Porphyry’^ is the 
contemporary of the Fernio 4 riassic and Liassi^formations ; 
Ihe ‘^’I’rachyie is correlated with the Jurassic and Cretaceous 
fi>rmations ; the “Pasalt*^ w*ith the Tertgiry dep<'j^5its ; and the 
Lava with the iJiluvial and Alluvial accumulations* The 
enumeration of the stratigraphical rock-successi(fii undoubtedly 
shows a* considerable advance on the 4ext-books ^with almost 
exclusively Wernerian sub-divisions, which had hitherto held 
the place of authority In Germany. 

Ami Boue, in his Geagtiosik Sketches in Germany (1S29), 
describes the series of formations and their ^distribution in 
Ckrmany. These sketches give a wonderfully comprehensive 
view of the stratigraphical relations in Germany itself, and 
draw a careful comparison between the character of the forma- 
tions in Germany and their age-equivalents in other parts of 
Europe. A much clearer insight is given into the leading 
stratigraphical features of the Alps, Ami Boue’s personal know- 
ledge of the rock-succession in other countries enabling him to 
form broader conceptions regarding different developments or 
facies of formations belonging to the same geological epoch. 
But still more important was the new light thrown by Ami 
Bou <5 upon the distribution of Tertiary deposits in Central 
Europe. He pointed out that these deposits occur in five 
well-defined basin-shaped areas : namely, the North-German, 
Bohemian, Rhineland, Swiss-Bavarian, and Austro-Hungarian 
depressions. Boue showed that in none of those areas were the 
deposits identical in character with the deposits of the same 
age in France and England. The exposition of these relation- 
ships is one of the finest contributions to the stratigraphical 
knowledge of the time, Bou^ relying almost entirely upon his' 
own independent observations. Boue's penetration is the more 
remarkable since it was little -aided by palseontological data, 
and Bou6 was no great believer in the stratigraphical value of 
fossils. 

Alexandre Brongniart was one of the most active Continental 
pioneers of the application of palseontological methods to the 
problem presented by geological field-surveying. In 1829 he 
made the attempt to describe all the rocks composing the 
earth’s crust in chronological order, and to introduce a new 
nomenclature for the successive horizons of rock, which should 
be quite independent of lithological features. In his system 
Brongniart distinguished nine classes of Terrains^ stating that 
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he assumes nothing further regarding the rocks comprised in a 
“Terrain” ^an that they originated during a definite great 
geological pmiod. The Terrains” are then sub-divided ii^ 
Mrmafims OT Groups. Each Formation is said to contain 
rocks that haS been farmed under similar or almost identical 
conditions ; an^i the Formations are again divided into Sub- 
Formations {Sous-J^ar^^tioHs), each of which is said to com- 
prise a complex of strata conformably succeeding one another, 
and having the same fossil fauna or flor^. The most valuable 
part of Brongniart’s work is the jarge number of lists enumerat- 
ing the charact^istic fossils in the sub-formations. 

The Terrains are classified under two Periods, the Feriode 
Jovienne^ with the three youngest, and the Feriode Saturniemie^ 
with the other six Terrains. . 

D’Omalius d’Halloy partly accepted Brongniarf s terminology, 
partly altered it, but he followed the sub-division and general 
arrangement of the Terrains. The Belgian geologist was 
Brongniart’s solitary disciple in the literature. In comparison 
with the contemporary work in Great Britain, Brongniart’s 
stratigraphical system could only be regarded as a retrogressive 
step. 

The excellent Geological Mmiual of De la Beche (London, 
1831) followed the example of W. Smith, Conybeare and 
Phillips, and adopted their terminology and their arrangement 
of the formations. That De la Beche showed a special interest 
in the modern and diluvial formations was only what might 
have been expected in the author of the Geological Observer, 
In his treatment of the “ Group above the Chalk,” De la Beche 
made use of the literature on the Tertiary formations of the 
Paris basin, Italy, Switzerland, and the other Tertiary basins 
of Europe, but in spite of the rich material in the literature he 
failed to construct a precise, chronological table of the succes- 
sion. For the Cretaceous group,' the English sub-divisions are 
taken as a type; in the Oolitic group, De la Beche made 
only one or two slight alterations on W. Smithes sub-divisions, 
and, on the basis of the important works of Merian and 
Thirria, assigned the Jurassic formations of the Swiss and 
French Jura to their proper position in the stratigraphical 
succession. De la Beche included in the group of the “Bed 
Sandstone” the whole series of Keuper, Muschelkalk, Bunter 
Sandstone, Zechstein, Copper Slate, and Red Underlyer. In 
the Carboniferous formation he embraced very rightly only the 
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(\i,il ilrpCBils and the- Carboniferous Limestone; the Grey- 
w,ifke groiip indiiiled for the^nost part Werner^s Vlransitional 
hot a l.mver . *'4'bssilirerous group of slices was differ- 
nitijti'd in romprise the oldest shales and greywackes in Wales 
ami llritlaiiy. Ai the base of this fSssiiifcrous formation, 

I hi ia Ik’che described the lower iinfossiliferouJiiseries of strata 
(hr| lists* gneiss, granulite, etc.)» and finally the unfossiliferous 
cnif'ilive varieties tjf rock. Tins text-book by Be la Beche 
had a wide circiilatfcn ; it w*as translated by H. von Dechen 
(1E35) iiitcs Germani ami by Prodiant de Villiers (1833), tn 
somewhat altered fom% into French. ’ . , ,1 ^ 

In the year 1833 volume of hydVs Prihap/es oj 

</VrVc<r appeared, the volume which was afterwards published 
as an" independent work, entitled The Elements of Geology. 
1‘his volume is especially memorable in stratigraph^j^ for its 
skilful solution of the dilBcult task of establishing a chrono- 
logical sub-division of the Tertiary strata, that should apply 
equally to the occurrences of this series in all the isolated 
basins of deposition. With the help of P. Deshayes, Lyell 
proposed the classification that has become permanent in the 
science. 

Several years earlier, in 1829, Desnoyers, in an important 
treatise, bad proved that the different Tertiary basins had not 
been filled with quite contemporaneous deposits, but that in 
some of the basins deposition only commenced after others 
had been partially or wholly silted up with sediments. The 
Tertiary series could, he said, be naturally sub-divided into an 
old®r and a younger group of sediments. 

' In the following year, 1830, P. Deshayes^ published the 
results of his investigations on the resemblances and genetic 
relations of the Tertiary Molluscs to the existing fauna. No 
fewer than 2,902 species of Tertiary Conchylia, all derived 
from known localities and horixons of deposit, -were compared 
with one another and with 4,639 living species. The results 

^ Paul Ger. Deshayes, born 1796 at Nancy, studied medicine in Stras- 
burg and Paris, but never entered into professional practice. He taught 
privately, and devoted his leisure to zoological and conchological studies. 
Prom 1S39 to 1842 he lived in Algeria, in order to make special researclies 
on the molluscan fauna of that neighbourhood. After his return, he hehl 
private oourses of lectures on geology and palieontology, and in 1869 he 
was appointed Professor of Conchology at the Museum in Paris; died on 
the 24th May 1896. His splendid collection was acquired by the State, 
and is exhibited in the School of Mines in Paris. 
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showed that a number of deposits in the Paris and London 
basin, in th% Belgian and in the^Vicentinian basins, contained 
only about 3%)er cent existing species and 97 per cent, extincj: 
species ; and that of 1,400 investigated species, only 42 con- 
tinue up wa ref into thS younger group of Tertiary rocks which 
comprise the ijaluns of Touraine and Aquitania, the deposits 
of the Vienna and Hungarian basin, of Poland, mod the 
Superga, near Turin, in these localities, 18 per cent existing 
species are represented. In the thirtS and youngest sub- 
division of the Tertiary rocks, comprising the sub-Apennine 
formation of I^aly, the marine deposits of Greece, and the 
Crag of England, there are 52 per cent existing species. The 
still younger bivalve banks of Uddewalla, Sicily, Nice, etc,, 
contain 96 per cent, existing species. The complete Tables of 
Deshayes were published in the year 1833 in LyelFs Prindpks 
of Geofogy. It is difficult to tell in how far Lyell was the 
originator of the researches sb brilliantly carried out by 
Deshayes ; the distinguished British geologist had certainly 
devoted special attention to the Tertiary Molluscan faunas 
during his early journeys in Italy. 

Lyell proposed the names of Eocene, Miocene, and Pliocene 
for the three sub-divisions of the Tertiary rocks which Deshayes 
had established, and some time afterwards he suggested that the 
so-called Diluvial deposits above the Tertiary rocks should be 
termed “ Pleistocene. LyelFs terminology was soon universally 
adopted in geological literature. 

Quite independently of Deshayes and Lyell, H. G. Bronn 
had been conducting a detailed series of researches ob the 
distribution of the organic remains -in the Italian Tertiary 
rocks, and published his results in tabulated form in the year 
1831. The learned Heidelberg palaeontologist (cf. foot-note, 
p. 364) demonstrated as leading principles that the total 
number of the genera and spe^cies in the Tertiary deposits 
increased in the successive horizons of deposit from the lower 
to the higher, and that the number of extinct species diminished 
in each successively younger horizon, while the number of 
existing species became proportionally greater. Applying these 
principles as a stratigraphical basis, Bronn sub-divided the 
Tertiary deposits of Europe into two groups, the older of which 
corresponds almost exactly with LyelFs “ Eocene formation, 
while the younger or upper series of Bronn corresponds with 
LyelFs “Miocene” and “ Pliocene ” formation. 
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to accomplish in the British area, and which was^ fulfilled in a 
manner w(?i*thy of the noblest 4 raditions of their countryman, 
William Sm?th. o 

In the sn^mier of^i83i the two friends began their investi- 
gations in Wales and the neighbouring districts. Sedgwick 
had already studied the Transitional formations in the Lake 
District of Cumberlar^d and Westmoreland betweenh822 and 
1824, andliad disentangled the tectonic structure and strati- 
graphy of this very complicated district, although his sub-division 
of the formation had been based, in the absence of fossils, merely 
upon the lithotegical features and stratigraphical relations. The 
Cambridge professor in 1831 renewed his study of the same 
formations in North Wales, in the neighbourhood of Snowdon, 
and elucidated the tectonic relations of the rocks with admirable 
skill. ^Unfortunately the scarcity of fossils made it still impos- 
sible for Sedgwick to establish palaeontological sub-divisions. 
Murchison was more fortunate. While his colleague was 
engaged in the examination of the oldest group of the 
Transitional series, Murchison began his investigation of the 
series in descaiding order from the upper members to the 
lower. He examined the exposures of Old Red Sandstone and 
the rocks immediately below it, which occur on the eastern and 
southern borders of Wales. 

Murchison found fossils in abundance, and in a couple 
of years was able to lay before the Geological Society a com- 
plete palaeontological sequence in the upper portion of the 
Transitional formations. At first Murchison had called these 
higher members examined by him an ‘‘Upper fossiliferous 
greywacke series ” j but in the year 1835, in compliance with 
the strongly-expressed wish of Elie de Beaumont, he proposed 
the name “Silurian System’^ as a special designation for the 
upper members. And as the old^r members of the Transitional 
series examined by Sedgwick in Cumberland and North Wales 
could not be identified with any of the members in the Silurian 
system of Murchison, the term of “Cambrian Series was 

and he afterwards continued his researches in Devonshire, Germany, 
Belgium, and Russia. In 1855 Murchison succeeded De la Beche as 
Director of the Geological Survey of Great Britain. Murchison was one 
of the founders of the British Association, twice President of the Geological 
Society, and for many years President of the Geographical Society; he was 
also a recipient of the Wollaston medal ; in 1866 he was created a baronet. 

. Throughout his career Murchison took a distinguished position in London 
society. He died on the 2;^nd October 1871. 
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proposed by Sedgwick in 1836 for these older members, and 
this term was accepted by Muichison, 

#In the year 1839 Murchison published his great work The 
Silurian Sysienij whex tin the results ^ of his., researches 
extending over six years were admirably elucidated. After a 
short statement regarding the younger geological formations, 
and a nfore detailed account of the English Carboniferous 
formation, the Mountain Limestone, and the " Old Red 
Sandstone, Murchison^passes to the special description of the 
Silurian system in South Wales^and the adjoining counties of 
England. With great accuracy he depicts thQ«>stratigraphical 
relations, the lithological characters of the rocks, the contents 
of fossils and minerals, and the occurrences of volcanic rocks. 
A special palaeontological part with twenty-seven quarto plates 
is clevoted to the description of the characteristic fo^ils by 
L. Agassiz, Sowerby, and Lonsdale. Numerous coloured 
sections help to demonstrate the tectonic relations of the 
district. 

Murchison distinguishes three chief divisions in the Silurian 
system — ' • 

Upper Silurian, comprising the Ludlow Rocks and 
Wenlock Limestone. 

Lower Silurian, comprising the Caradoc Sandstone and 
Llandeilo Flags. 

Cambrian. 

Murchison found it impossible at the time to fix a definite 
palaeontological horizon as the lower limit of the Silurian 
system, and Sedgwick also could not assign any palaeontological 
or other feature which would determine the upper limit of the 
Cambrian series. Nevertheless, the recognition of the Silurian 
and Cambrian systems was one of the most important 
advances that have been mada in stratigraphy. 

There still remained, however, a thick group of strata in the 
Wernerian “Transitional Series” which could not be allotted 
to either of the newly-defined systems. De la Beche had 
worked with unrelaxing energy for several years at the 
geological investigation of Devonshire and Cornwall, and in 
1839 had reproduced his results on an excellent geological 
map of -this district. He had separated a series of plant- 
tmaring shales from the true greywacke strata (Kilias 
. 'Greywacke) and applied to them the name Carbonaceous 
series (now “Culm Shales”), but he drought the latter was in 
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part older than the grey wacke beds. In the year 1836, 
Murchisorf ^and Sedgwick proted that the shales belong to 
the Carboniferous formation and repose upon the trfie 
greywacke ^ries wi^h interbedded conglomerates, shales, and 
fossiliferous limestone. The whole complex of strata is so 
strongly compressed and folded, and the rocks show sucli 
striking metamorphicrfeatures, that Murchison and Sedgwick 
both were of opinion they must be ^f Cambrian age. ^ut 
Lonsdale, to whom the fossils were entrusted for examination 
in 1837, expressed his conviction that the Killas greywacke 
complex must*be younger than the Silurian system and older 
than the Carboniferous system. Although at first a little 
incredulous, after a careful revision of their sections, the two 
geologists accepted Lonsdale’s conclusion, and together wrote 
a larg^ memoir (1839) newly-identified system of strata, 

which they termed the Devonian,” between the upper 
Silurian and lower Carboniferous. In addition to the grey- 
wacke series in Devon and Cornwall, they assigned to the 
Devonian system the Old Red Sandstone in Scotland, whose 
distribution, thickness, divisions, and fossils had been the 
subject of their earlier memoir published in 1828. 

Many doubts were cast upon the independence of this new 
system, and Murchison and Sedgwick resolved to test their 
results by means of comparative researches in the Continental 
districts where the Wernerian “Transitional Series” had been 
chiefly studied. The two friends travelled in the summer 
of 1839 through the Rhine district, Westphalia, the Harz, 
Nassau, Thuringia, the Fichtel mountains ; in the companion- 
ship of De Verneuil, they also travelled in Belgium and the 
neighbourhood of Boulogne. In 1842, Murchison and Sedg- 
wick published a memoir in which they tried to show that a 
great portion of the shales and limestones, as well as the 
sandstones, greywackes, and conglomerates exposed in the 
Rhineland belonged to the Devonian and Silurian system, 
and that in the Fichtel mountains Devonian deposits were 
present, but no Silurian. These results were partially 
erroneous with regard to the Silurian division, since the 
whole of the lower greywacke series in the Rhine district 
was said to be Silurian, and the Silurian deposits in the, 
Fichtel mountains were entirely overlooked. Still, the in- 
vestigations of the two British geologists proved incontestably 
that there lay betweai the Carboniferous system and the 
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older greywacke in Germany and Bdgiuni a complex of strata 
sometimes highly fossiliferousj land the indiibitable^equivalent 
iif age of the Devonian system in Great Britain. 

The fossil remains from the Palaeozoic^ rocks o-f Gornwall, 
Devon, and West Somerset were described by Sowerby (1837), 
and were again worked out by John Phillips in 18P41. Phillips^ 
revised very carefully and established more securely the 
paljpontological sequeg^ce of Devonian sub-divisfons which 
had been proposed by De la Beche, Murchison and Sedg- 
wick, and Lonsdale. In their earlier papers, Murchison and 
Sedgwick had sometimes designated the Silurian deposits as 
PalDeozoic, and the Cambrian as Protozoic. Phillips suggested 
(1841) that the name Fa/tsozoic should be applied to all the 
strata of the “Transitional' series (the Cambrian, Silurian, 
and Devonian of British geologists), together with the Car- 
boniferous system and the Zechstein ; that the name Mesozoic 
should be applied to the Secondary deposits, and Cainozoic 
to the Tertiary. This nomenclature rapidly found favour, and 
is now universally accepted. 

Until about the year 1840, geologists had'' derived their 
information regarding the Cambrian, Silurian, and Devonian 
deposits only from regions in which the strata show great 
tectonic disturbances and complicated relations. The news 
that these rocks occurred in Russia over wide tracts of terri- 
tory, and in an almost horizontal position, aroused the interest 
of Murchison to such a degree that in 1840 he undertook a 
journey in company with Verneuil to the Baltic Sea Provinces. 
In the following year Murchison made that important expedi- 
tion to the Ural mountains, whose outstanding result was not 
only the proof of the wide extension of Silurian and Devonian 
deposits in Russia, but also the erection of the “Permian 
System." - 

His continued researches on the Palaeozoic formations had 
led Murchison to conclude that the Cambrian deposits ex- 
amined by Sedgwick in North Wales contained no fossils 

1 John Phillips, born 1800 at Marden in Wiltshire, was the nephew of 
William Smith, and was guided by this great master into geological studies. 
In the year 1824 he was commissioned to arrange the museum of York, 
and he wils for ten years occupied in carrying out similar commissions in 
other towns, finally in London, Dublin, and Oxford. In 1S34 he was 
appointed Professor of Geology at King's College in London, in 1844 
Professor of Geology in Dublin, and in 1S56 he succeeded Buckland as 
Professor, of Geology in Oxford. He died in 1874. 
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different from those of the Lower Silurian, and that the 
Cambriai/ ^system was identacal with the Lower Silurian. * 
Murchison made known this opinion for the first time irt a 
Presidential Address which he delivered at the Geological 
Society. Sedgwick was deeply hurt, and immediately began 
(1842 and i'B 43) a new investigation of Wales, in which he 
was assisted by the pmUBontologist Salter. In 1852, he upheld 
the independence of the Cambrian ^series, contending ,that 
under the Llandeilo of Murchison, which he recognised from 
the identity in the fossils 16 be contemporaneous with the 
Bala Beds an 4 designated Up;per Cambrian^ there was another 
complex of strata about 10,000 feet in thickness. In this 
complex, Sedgwick distinguished two main divisions, the 
Festiniog and Bangor groups, with the subordinate members 
Arenig flags and shales, Tremadoc slates, Lingula flags, Har- 
lech grits and shales, and Llanberis shales. 

Murchison was not persuaded by Sedgwick’s results, and 
demanded a palaeontological foundation for the Cambrian 
system. In the year 1854, a somewhat shortened and com-^ 
pletely re-modelled edition of the Silurian appeared 

in octavo form, under the title Sihiria. Murchison in this 
edition treated the “ Cambrian Series ” merely as a local facies 
of the Lower Silurian division, and set aside its claims to be 
regarded as an independent system. Murchison’s Siluria 
begins with the oldest fossiliferous deposits in Wales (the 
Longmynd group) and provides in ascending order a detailed 
description of the Silurian, Devonian, Carboniferous, and 
Permian systems in England, concluding with a comparative 
account of the corresponding formations in the other parts of 
Europe and North America. 

The members of the Geological Survey, to whom the in- 
vestigation of Wales was entousted, followed the views of 
Murchison, the Cambrian system disappeared from the official 
maps, and the colour for Silurian rocks was carried over the 
whole of the area previously allotted to the Cambrian system. 
Sedgwick, embittered by the w^ant of recognition for his Cam- 
brian system, published (1851-55) a large work on the 
divisions and the fossils of the British Palaeozoic deposits, 
and protested in strong terms against the views hdd by his 
former friend and fellow-worker Murchison. Fie insisted 
upon the independence of the Cambrian system, and wished 
to limit the Silurian* system to the Ludlow and Wenlock 
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groups, referring all the deposits from the Garadoc series 
downwards to the Cambrian ^ries. The high-sjjjfited Cam- 
bfidge Professor could, however, make no impression upon 
his contemporaries against his infiuentiai opponent, who in 
1855 became the General Director of the Geological Survey. 
Indeed, the Council of the Geological Society itf 1852 placed 
themselves openly on Murchison’s side passing resolution 
to docline on principle ^ny communication made by Sedgwick 
on the classification and nomenclature of the older Palaeozoic 
deposits. * 

Nevertheless Sedgwick adhered to his own clafsihcation, and 
published a historical review of his researches on the Palaeozoic 
rocks of Great Britain, which appeared as an introduction to 
an illustrated catalogue of Cambrian and Silurian fossils drawn 
up by J. W. Salter. Sedgwick, in this last scientific exposition 
of his views, — for he died in the year of its publication (1873), 

■ — emphasised once again the independence of the Cambrian 
deposits, showed that the Cambrian system contained charac- 
^ teristic fossils, distinct from those of the Silurian system, and 
that it was consequently founded upon secure palseontological 
data- in the end Sedgwick has been found right The 
Cambrian system, although with a certain modification of its 
limits, is now recognised as an independent geological system 
represented throughout the whole earth. 

Special Stratigraphy . — The general framework of strati- 
graphical teaching had thus been constructed by the works of 
Lyell, Deshayes, and Bronn on Cainozoic rocks, by those of 
Smith, Conybeare, and Phillips on Mesozoic rocks, and those 
of Sedgwick and Murchison on Palaeozoic rocks. It was left 
for younger generations of geologists to work out the finer 
details and more accurate divisbn of the successive formations. 
This task was willingly undertaken by a thousand diligent 
hands, not only in Europe but throughout the world. Little 
change has been made on the limits of the main divisions 
(formations or systems) of the stratigraphical framework, but 
the work of determining paljeontological sequences in greater 
and greater detail is still in full progress, and the recognition 
of the rrilnor stratigraphical members within the formations 
varies from time to time with the increasing knowledge and 
understanding of the geological structure of the earth’s crust 
in Europe and other parts of the world. 
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A. Archman and Pre-Cambrian Eocks, — The great complex 
of gneiss afid crystalline schists which forms,the basement of the 
oldest fossififerous sedimentary rocks, and had always sin€e 
Werner’s tiqge been divided according to lithological characters, 
was imbued with new interest when, in 1854, William Logan 
reported the ^presence of organic remains in limestone inter- 
bedded with the ancient gneiss of Canada. The Eozoon 
Canadense regarded by Sir J. W. Dawson and W., B. 
Carpenter as a foraminiferal genus, an<f the supposed complex 
of Archaean schists and gneiss was accordingly placed in the 
series of sedii!»entary formations. Logan (1863) differentiated 
in Canada an older Laurentian gneiss formation and a 
younger Huronian formation resting upon it, and chiefly 
composed of mica schist and phyllite. Giimbel proposed a 
similai sub-division of the basement rocks in the area of the 
“ Bavarian Forest.” These divisions have not, however, been 
verified by subsequent researches; in some parts of North 
America it has been demonstrated that the Laurentian grani- 
toid and gneissose masses are continuous with dykes and veins 
in the schists' and phyllites, and these intrusions must be 
younger than the Huronian series into which they have forced 
their way. 

The organic nature of the “ Eozoon ” was afterwards dis- 
credited by King, Rowney, and Moebius (cf. p. 386), but the 
adherents of the theory of descent argued the strong prob- 
ability of the occurrence of organic remains in these ancient 
pre-Cambrian rocks. And now and again other evidences of 
organic life are found in the ancient schists and phyllites, e.g,^ 
worm-burrows, sponge spicules, and traces of Algae or Proto- 
zoa. Geologists have succeeded in areas where there has been 
a relatively small degree of metamorphism in determining a 
general chronological successio* in the Archaean rocks. But 
in countries of repeated crust-disturbances and great regional 
metamorphism, the task is much more difficult and compli- 
cated, although it has frequently been attempted. Hicks 
(1877) distinguished in Wales and Scotland four divisions, 
Lewisian, Dimetian^ Arvonian^ and Pebidian ; A. Nathorst, in 
Sweden, differentiated three formations, a Lower Dal forma- 
tion, a Middle Almesakra formation, and an^ Upper "^JVismgso 
formation. 

In the year 1892, Van Hise published an exhaustive 
account of the pre-Cambrian formation in North America, 
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which he sub-divided into two chief groups: the younger or 
Aigonkiiift (a term introduced ky Walcott from the flame of an 
Ittdian race) comprises the clastic or crystalline rocks imme- 
diately below the Cambrian system, while Ijie oldei^jOr 
group comprises the wholly crystalline and foliated basement 
complex of rocks. ^ 

The pfe-Cambriao phyllites, schists, «and conglomerates of 
Brittany have been subjected to a close examination by 
Barrois (1S83-94), who^has greatly advanced the knowledge of 
the stratigraphy of that complicated area. Barrois discovered 
organic remains in the quartzites, and Cayeux itientified them 
as Radiolaria and sponges. Rauff, on the other hand, 
regards these supposed fossil remains merely as mineral 
structures. 

Alpine geologists have, in the course of detailed geciogical 
surveys, frequently been able to prove that gneissose and 
schistose areas of rocks which used to be regarded as pre- 
Cambrian represent metamorphosed portions of the younger 
formations. Even Cainozoic rocks have undergone complete 
metamorphisni in highly-disturbed Alpine regions. 

The insuperable difficulty mth which geologists have to 
contend in their attempts to unravel the complicated strati- 
graphical relations of metamorphic rocks is that, in virtue of the 
changes they have undergone, any fossil remains which might 
originally have been contained in them have been nearly all 
altered beyond sure recognition. Then there is the other 
difficulty that not only the sedimentary series, but also the 
plutonic igneous masses and injected igneous rocks, when 
they undergo strong crust pressures, may be converted into 
foliated metamorphic rocks. Hence the only means of arriving 
at a just appreciation of the age and relationships of the meta- 
morphic rocks is, first, by careful cartographical survey and 
comparison of the stratigraphical relations subsisting between 
the several members of a metamorphic series and the sedi- 
mentary unaltered rocks; and second, by finer microscopic 
investigation of rock-specimens, taken from all grades of 
altered and unaltered rocks whose relations in the field have 
been fully investigated. 

Only after prolonged researches can geology hope to deter- 
mine how much of the crystalline metamorphic rocks really 
belongs to an Archsean and pre-Cambrian basement series, and 
how much is of later sedimentary or igt?eous origin. 
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B, Cambrian and Sih/r fan System ,- — Almost contemporane- 
ously with ’Sedgwick’s and Murchison’s famous researches in 
European ai^as, North American geologists Vere extending th^ 
knowledge oj* the va|t tracts of older Palaeozoic rocks in North 
America. 

Between xSi8 and 1832, A. Eaton published a series of 
pamphlets wherein he^ erroneously compared the sedimentary 
deposits in* the east of the United States with the Mesozoic 
formations in Europe, Vanuxem in ^829 proved that the 
deposits in the east of the United States belonged exclusively 
to the “ Trapsitional ” series. In the following decade 
geological survey departments were established in several of 
the eastern and southern states, after the model of the British 
Geological Survey, and this gave a strong impulse to the 
development of Geology and Palaeontology in North America. 
In New York State, the official surveys were commenced in the 
year 1836, and the survey department was divided into four, 
independent sections. The South-AVestern Section was placed 
under the direction of Lieutenant Mather, the North-Eastern 
under Professor Ebenezer Emmons, the Middle Section under 
Conrad, and the Western Section under Vanuxem, who had been 
trained in Paris. In 1837 Conrad retired from active field-work 
on account of his health, and devoted himself to palaeontologi- 
cal work. Vanuxem replaced him as director of the Middle 
Section, and J. Hall was given the Western Section. 

Emmons, in 1842, published the general results obtained in 
the North-Eastern district, which in a large measure is com- 
posed of crystalline plutonic masses, gneiss, and crystalline 
schists. Among the sedimentary deposits, the ‘‘transitional ” 
series has the widest extension. Emmons applied local names 
to the several divisions, calling the main complex of Palaeozoic 
rock the “ New York System,” and sub-dividing it into four 
members irrespective of European class ificatory groups — i, 
Champlain; 2, Ontario; 3, Helderberg; and 4, Erie Group. 
According to Emmons, the New York system was succeeded 
by the Old Red system, and rested upon the Taconic system. 
The latter reposed on the crystalline schists, and was said 
to consist of an unfossiliferous complex of slates, flagstones, 
limestone, and quartzite attaining a thickness of aboijt 25,000 
feet. The unfossiliferous complex was strongly contorted and 
disturbed, whereas the deposits of the New York system were 
almost horizontal <• 
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The report of Vanuxem, published in the same year (1842), 
took the same general standpoint as that of Emmons, but 
Yanuxem extended the name of New York system so as to 
include the Old Red Sandstone. Mathe^(i843)«in his official 
report protested against the independence of the Taconic 
system, contending that it was a strongly n'letamorphosed 
represenfative of the Champlain group. In this view^', Mather 
was supported by Hitchcock, Rogers, Dana, and J, liall.^ 
The report by Hall^(i843) gave an admirable exposition 
of the three upper divisions of the New York system. The 
subordinate groups proposed by Vanuxem Conrad were 
for the most part accepted, and a few additional groups 
were introduced, so that the New York system (exclusive 
of the Old Red) was now sub-divided into twenty-nine 
groups. 

PI all made a comparison between the palmontologicai 
sequence in these groups and the sequence that had been 
worked out by Murchison and Sedgwick. For the five lower 
groups (from the Potsdam sandstone to the Trenton limestone) 
Hall could adduce no British equivalent ; tiie Utica slates 
were compared with the Llandeilo slates (Lower Silurian) of 
Murchison ; the groups from the Hudson river beds and the 
Clinton group were said to be equivalent with the Caradoc or 
Bala shales and flagstones; the groups from the Niagara beds 
to the Corniferous-Limestone group were compared with the 
Wenlock shales and limestones ; and the strata from the Mar- 
cellas and Hamilton groups to the Chemung group were 
regarded as the equivalent both of the uppermost or Ludlow 
division of the Silurian system and of the Devonian system. 
Each of Hall’s groups is very accurately characterised accord- 
ing to stratigraphical, lithological, and palaeontological features. 
And as the strata in the area ejfamined by Vanuxem and Hall 
follow almost everywhere in horizontal or gently inclined 
position without any appreciable tectonic disturbances, the 
sub-divisions erected by these geologists have undergone little 
subsequent modification. Some time later, Hall described 
in a series of handsomely-illustrated volumes the Palaeozoic 

1 James ^allj born on the I2tli September iSii, at Ilingham in Massa- 
chusetts, received his scientific education at the Polytechnic School of 
Troy; in 1836, entered the Geological Survey Department of New York 
State, and was afterwards Director of the Natural History Museum in 
Albany, tie died in his eighty-seventh year (1S98) in Albany. 
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fossils, not only of State New York but also of a large portion 
of North Afnerica. I 

ContempoTaneously with the investigations in New York 
State, the tw^ broth^s Rogers (cf. p. 304) were directing and 
participating in the survey of Pennsylvania and Virginia. 
There also it- was found that the Palaeozoic deposits were 
exposed over wide areaB, and the stratigraphical succession was 
determined. But Edouard de Verneuil, who travelled in North 
America in the year 1846, was the firSt to institute a more 
detailed comparison between *»the relations of the American 
and the Europ'tan ‘‘Transitional” formation. Verneuil drew 
up a table of the parallel palaeontological horizons in the two 
regions, and established a line of division between the Silurian 
and the Devonian systems in North America. Some time 
later, J. J. Bigsby published a very exhaustive and lucid 
synopsis of the New York system in comparison with the 
parallel formations of Europe {Quart Journ. GeoL Soc., 
1858). 

The Taconic system continued to be ignored by the leading 
geological authdrities in North America, notwithstanding that 
Emmons published a very able book on the subject in 1844, 
affording strong evidences of the wide extension of the 
Taconic system in the New England States, and its independ- 
ence of the Champlain group. In Washington County, more- 
over, the first Taconic fossils were discovered (two Trilobite 
species, Graptolites and Nereites), and' proved to be quite 
different from any known Palaeozoic forms. Further dis- 
coveries of fossils followed, and these were described and 
figured by Emmons ; he also traced t-he Taconic system in 
Pennsylvania, Virginia, and Georgia. But as Hall, Dana, 
Logan, and other geologists continued obstinate in their view 
regarding the identity of the iTaconic and the Champlain 
groups, a hot polemical discussion ensued and dragged itself 
through the following decades. 

In the year i860, the European authorities Barrande and 
Marcou began to take part in this discussion among the 
American geologists, supporting Emmons in his view that the 
Taconic system was an independent formation containing a 
primordial fauna. Marcou wrote a series of papers,- wherein 
he advocated that the term “ Taconic System ” should replace 
the disputed name of “Cambrian System” for the primordial 
group of rocks; that* the name of Cambrian System be 
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retained for the Lower Silurian of Murchison ; and the term 
Silurian SjsUm t?e limited the Wenlock afid Ludlow 
groups. Marcou justly pointed out that all the fossils ascribed 
by Sedgwick and M^Coy as characteristic^of Sedg-wick^s Upper 
Cambrian (Bala) series were Lower Silurian fossils, whereas 
distinctive fossil-types had been found by Efnmons in the 
'‘ Taconfc System, hence the latter torm ought to 'be applied 
generally to primordial rocks containing that fauna. But 
Barrande had observed in 1851 in the British Survey 
Collection a fossil Trilobite of primordial age, and Salter 
afterwards discovered the localities in Wales «vhence certain 
pre-Silurian fossils were derived. The “Lingula” flags and 
shales of St. David’s proved richly fossiiiferous, and after these 
had been described by Salter and Hicks (186S), there could 
no longer be any question that there existed a distinctive fauna 
in Sedgwick’s original “Cambrian Series.” 

It is largely due to Lyeil’s example that the name of “Cam- 
brian” was retained in the te.xt-books, at first usually as a 
sub-division of the Silurian system, but Anally as a system of 
equal rank with the Silurian. 

The Cambridge School continued until recently to teach, in 
accordance with Sedgwick’s views, that the limit between the 
Cambrian and Silurian systems was above the Bala beds. 
Lyell, in his Elements of Geology^ limited the Cambrian system 
to the lower and middle members of Sedgwick’s system, begin- 
ning with the Longmynd strata and ascending to the Tremadoc 
slates; and in 1888, at the International Congress in London, 
this limit was sanctioned and has since been almost universally 
adopted. 

In the year 1879, Lapworth proposed the designation Ordo- 
vician for the complex of strata which had been variously 
termed Lower Silurian or Up^^er Cambrian. Lapworth’s de- 
tailed research and intimate knowledge of the group led him 
to the opinion that it should be ranked as an independent 
system, as it was distinguished from the rocks above and 
below, not only by the occurrence of distinct fossil types but 
likewise by the intercalation of lavas, tuffs, and ashes amidst 
its sedimentary series. The Ordovician system has been sub- 
divided 'Ey Lapworth upon palseontological grounds into a 
Lower Ordovician or Arenig series, a Middle Ordovician or 
Llandeilo series, and an Upper Ordovician or Bala series. 

A renewed investigation of Emmons’'^' district in the United 
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States was undertaken by C. D. Walcott, whose results 
showed that, as Emmons had cj>ntended, the Taconic system 
w^as a well-cfeveloped complex of 'strata b*elow the Potsdam 
Sandstone, agd contEyning an exclusively primordial fauna. 

Walcott- then went to survey in the Far West, where 
Gilbert and Plague had described Cambrian deposits in the 
Elureka district of Nevada. In several important publications 
(1884-90) Walcott has elucidated with full details the exten- 
sion, lithological character, stratigra^icab relations, sub- 
divisions, and fauna of the© Cambrian system in North 
America. • 

The “Transitional Rocks” in the vicinity of Prague had 
very early attracted the attention of collectors and geologists 
on account of the profuse abundance of fossils, and these had 
been rxyide the subject of palaeontological memoirs by Born, 
Count Sternberg, Beyrich, Emmrich, Corda, and others. \ The 
first geological work of note in this district was accomplished 
by Joachim Barrande.^ By his life’s devotion to the cause of 
research, this quiet, retiring geologist made Bohemia classic 
ground for the study of the oldest fossiliferous formations. 

In the year 1846 Barrande published a short account of the 
Bohemian Silurian basin. He^ described its structure as con- 
sisting of a number of stages {Eiages)^ which he designated by 
the letters A to G. The succession, stratigraphical position, 
and the fossil contents were determined with the utmost pre- 
cision, and a comparison was instituted between the Bohemian 

^ Joachim Barrande, born on the nth August 1799, in Sangues (Haute 
Loire), was educated in Paris, and intended to be an engineer, but left Paris 
in 1820 with the banished Royal Family of France, following them at first to 
England and Scotland, and then to Bohemia. In the year 1831 he 
became tutor to Prince Plenry of Chambord, with whom he continued in 
intimate relations all his life as the administrator of the Prince’s properly. 
After relinquishing his post of liitoi^ Barrande devoted himself to the 
geological and palaeontological investigation of the Silurian basis of Bo- 
hemia. He acquired an unrivalled collection of fossils: no trouble was 
spared to secure the spoils of the rocks : quarries were opened, workmen 
engaged, collectors kept constantly occupied and carefully trained, until 
Barrande’s collection in Prague became the admiration of the geological 
world. His private life was uneventful. He lived quietly and simply, 
and the only interruption to his monotonous existence was when be under- 
took some longer journey for the sake of comparing his fossiis and his 
stratigraphical results. Pie had considerable private means, which he 
almost entirely sacrificed to his scientific requirements. Pie died in 
October 1883, at Count Chambord’s estate of Frohsdorf. Barrande 
bequeathed his valuable fossil collection to the Bohemian Museum. 
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anti the British Silurian deposits. This preliminary work was 
followed in the ye%r 1852 by first volume of his great work 
#n the Silurian system ifi Bohemia, a work which stands 
almost iinrivalied in palseontological liten'y:ure. , Ij^om the year 
3852 to the year of his death, 1883, Barrande continued' the 
work and produced twenty-two thick quarto ^ volumes with 
1,160 w^onderfully prepared plates depicting the complete 
fainm of the Silurian basin in Bohemia. He ^bequeathed 
means in order that work should be continued to the end. 

A geological Introduction in> the first volume gives a very 
careful description of the geology of the area4v According to 
Barrande, tine stages A and B are “Azoic,’’ and comprise at 
the base crystalline schists reposing on granite and gneiss, and 
above the schists, unfossiliferous greywackes, slates, and shales. 
Stage C contains the oldest (Cambrian} “ Primordial /auna,” 
wherein peculiar Trilobite genera predominate. Stage I) con- 
tains the second distinct fauna, the equivalent of the Lower 
Silurian fauna in the Llandeilo and Caradoc series of Wales, 
the Champlain group of North America, the Orthoceras Lime- 
^ stone of Sweden and Esthland. 

While these horizons, A to D, are chiefly greywackes and 
shales, the higher stages, E to G, are pre-eminently calcareous. 
Stage E is distinguished by an exceptionally rich fauna, 
identical with the Wenlock fauna in the British area. Stages 
F and G are calcareous, stage H comprises soft shales; in these 
three stages Cepbalopod and fish remains are the most frequent 
fossils. For this fauna Barrande could not find any equivalent 
in the palaeontological sequence of the British Silurian deposits, 
but he assigned the whole complex E to H to Upper Silurian, 
and regarded it as a third distinct fauna in the palaeontological 
development. 

While Barrande recognised the fundamental agreement 
between the Silurian horizons determined by him in Bohemia 
and those already observed in other areas, he remarked on the 
occurrence of what appeared to be in a measure antecedent 
“Colonies” of organisms. He found that not infrequently 
rock-layers containing accumulations of organic types like those 
of the next higher stage were imbedded in the lower stage; 
and Barrande explained these “Colonics” by the influx of 
. organisms from certain neighbouring districts in which the 
fauna had already reached another phase of development. 

Barrande’s explanation of the “Colonies” was contested by 
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several geologists, amongst others by Krejci, Lipoid, Marr, 
Lapworth, and a controversy began which continued from 
1859 to 188 A The contention *of ‘Barrancfe’s opponents wa^ 
that the colonies had been brought into their apparently 
paradoxical position®* by tectonic disturbances of the rocks, 
whereby certaip layers of rock had been sliced and fragmented, 
and slices of them had been carried into new positions during 
the crust-mcfvements. Several geologists differed from Barrande. 
about the age which he had ascribed to Some of the Bohemifin 
deposits. Marr thought the A;?oic stage B of Barrande repre- 
sented a Camljfian deposit, and Emmanuel Kayser, judging 
from his own study of the oldest Devonian deposits in the Harz 
mountains, thought Barrande^s stages F, G, and H were not of 
Upper wSilurian age, but belonged to the Devonian system. 
The Harz fossils, which had been described by Beyrich and 
Lossen as a ‘'Hercynian stage/’ closely resembled these fossils 
in the upper horizons of the Silurian series in Bohemia, and 
Kayser removed this fauna altogether from the Silurian 
sequence and described it as Lowest Devonian. Many of 
the best authos^ities on Palaeozoic faunas have subsequently 
corroborated Kayser regarding the Devonian type of the fauna 
in Barrande’s higher stages. 

The Silurian system in Sweden was sub-divided palaeonto- 
logically by Angelin in 1854 into eight groups, the lowest of 
which he called Regio I. Fucoidarum, and the succeeding 
seven stages also received distinctive names according to the 
typical Trilobite genus. All the Trilobite genera occurring in 
Sweden were described in Angelin’s works (1852 and 1854). 
The more recent memoirs by Lindstrom, Linnarson, Nathorst, 
Tullberg, and Holm have .supplemented and improved 
Angelin’s researches. 

The Norwegian Palaeozoic deposits, described in the early 
years of the nineteenth century by Leopold von Buch, as 
well as by Hausmann and Keilhau, were revised by Kjerulf 
(1855-57) and arranged in palaeontological sequence after the 
model of the British “ Silurian ” district. Newer memoirs have 
been contributed by Broegger (1882) and Kiar (1897). 

The Palaeozoic deposits in the Baltic Sea provinces of Russia 
were first examined by Strangways (1819), and were njade the 
subject of special researches by Pander and Kutorga. Murchi- 
son recognised Silurian and Devonian strata during his visit to 
that area, and Pander afterwards gave excellent descriptions of 
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two main groups ; (i) Older argillaceous and arenaceous grey- 
wacke ; (2) ybunger calcareous l^rmations. • Whereas MurchL , 
son, Sedgwick, and Dumont had regarded the older greywacl^ 
complex as J^lurian, l^oemer referred it to the Devonian epoch 
and identified it with the Terrain Ardoisier and the lowest 
division of the? Terrain Anthraxifere of Dumont. Thje fossili- 
ferous limestones of the Eifel, Aachen, Bensberg, Elberfeld, 
and adjacent areas were identified by ^oemer with the lower 
limestone group of the Terrain Anthraxifere, and the lime- 
stones in Devonshire and Cornwall. He distinguished as an 
up^er member •of the group Anthraxifere certain fine shales 
and greywackes (Lenne shales), between Elberfeld and the 
Sieg and from Iserlohn to Waldeck, which Murchison had 
referred to the Silurian. 

The JPalseozoic formations in Nassau, which Murchison and 
Sedgwick had ascribed to Silurian and Devonian epochs, were 
afterwards determined by Beyrich and Roenier to be exclusively 
Devonian, The brothers Guido and Fridolin von Sandberger 
made a special study of the district^ and in 1847 comprised * 
the strata und'^r the term “Rhenish System.’^ They sub- 
divided the system into three groups — a lower complex of 
greywacke, Taunus shales, and Wissenbach slates ; a middle 
complex of Stringocephalus limestone, dolomite, and Cypridina 
shales; an upper complex of Posidonomya shales. The fossils 
of the Rhenish system were admirably described by the 
brothers Sandberger in a monograph published from 1850 to 
1856. 

The works contributed by Dumont and Gosselet on the 
Palaeozoic rocks in Belgium provided a thorough groundwork 
of research in that area. Dumont in 1848 sub-divided the 
Terrain Ardennais into three groups—Devillien, Revinien, and 
Salmien ; similarly, the Terrain fRhenan into three groups — 
Gedinnien, Coblentzien, and Ahrien ; and the Terrain Anthrax- 
ifbre above the Terrain Rhenan into three groups — Eifelien, 
Condrusien, and Houiller. Dumont took little trouble to draw 
a comparison between these sub-divisions which he erected for 
the Belgian area and the palaeontological groups which had 
been determined in other countries. He was strongly of 
opinion that the same fauna never extends over thp whole 
earth, that there had in all , epochs been definite geographical 
kingdoms of plants and animals, and that consequently the 
fossil contents of roclas could only be used with extreme 
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caution as a basis of establishing a parallel between rocks in 

• Mthoimli Dumont’s cla’ssification was based wholly upon 
the characters displayed by the succession m lidgmm, it is 
nevertheless excellently arranged both stratigiaphically and 
lahologically. De Koninck and Murchison a^tenvauls ti ed 
to bring* his classiHcation into harmemy with that of Dreat 
I'.ytain and the neighbouring districts of Cmrmany ll ey 
retgated the whole ^ the Terrain A^ennais as we 1 a tl e 
Cledinnien group into the Silurian system, and the Cobici l/.iui 
Ahricn, Eifelien, and the lower part of the Coniiusicn, into the 
Devonian system. Subsequently, Gosselet has carrwd out a 
: nvp.T thirtv vcats Oil tlio 1 alssozoic 
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of the Carboniferous system into two main groups, in the way 
that had been proposed by D’Org-alius d’Hailoy, was almost uni- 
versally acc%>ted, and on the suggestion of Dechen the upper 
group was vgry oftei;^ called the Productive Coal-formaiion, 

With the fauna and palaeontological sub-division of the 
Carboniferous- limestone De Koninck occupied himself for 
more than fifty yearsa His monographs of the fos*sil fauna 
of the Befgiaii Carboniferous limestone (1842-44), together 
with MacCoy’s work (1844) on the fifssils of the Irish (Car- 
boniferous limestone, and the^ somewhat older monograph by 
J. Phillips (iSjip) on the Yorkshire Carboniferous limestone, are 
still the basis of all European research on the faunas of the 
Carboniferous limestone. De Koninck began a revision of 
the Belgian fauna (1878-88), but unfortunately this handsomely 
illustr2tf:ed work was not completed. In his first monograph 
De Koninck drew attention to the difference of the faunas at 
Tournay and Visd, and thought it might be explained on the 
assumption that they had belonged to two separate basins of 
deposition. Afterwards he ascribed the limestone of Vis^ to a 
slightly earlier period than that of Tournay, whereas Dumont 
had in 1830 supposed the strata of Tournay to be the older 
group. 

Gosselet in i860 distinguished three divisions of the lime- 
stone: a Lower group, with Spirifer Tornacensis as the leading 
fossil type; a Middle group, with Spirifer cuspidatus and 
Goniaiiies sphceroidalis as the typical fossils ; and an Upper 
group, with Froductus giganteus and undaius as the typical 
fossils. The paleontological researches of Dupont (1865-71) 
have confirmed Dumont’s view regarding the relative age of the 
Carboniferous limestone at Vise and at Tournay, showing that 
the Tournay limestone is the older. 

In England, Phillips had sub-divided the Carboniferous lime- 
stone of Yorkshire into three groups ; {a) a Lower series of 
Limestone Shales or Sandstones; (b) a Middle series, represented 
by the Mountain Limestone^ 2000 feet thick, and containing a 
rich marine fauna; and {c) an Upper series, called the Yoredale 
Feds of limestones, shales and sandstones, and occasional local 
coal-seams. In the Harz, in Thuringia, in the Fichtel moun- 
tains, the Sudeten mountains, and in the Rhine provinces, the 
Carboniferous limestone division is almost wholly represented 
by the mixed Culm facies of shales, greywackes, flagstones, and 
thin beds of limestone.# 
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. la ' the .'Eastern, Alps ■ true Carboniferous .limestone w.as 
determined in Caqnthia by l|uch in 1824, but only received 
the vague name of ‘‘Tran^sitional Limestone.’' x)e Koninck 
described the feuoa of this limestone ii-^ 1S73-. ^ In the Gail 
Valley and other localities of the Cariiic Alps, the massive 
limestone is succeeded by dark shales and thimbeds of lime- 
stone, wberoin Tietze and Stache (1472) demonstrated the 
presence of fossil Foraminifera (Fusiilina) in great ^abundance. 
File significance of this discovery was not fully realised until 
a few years later, when it was €011 nd that in Russia the true 
Carboniferous limestone with Productus giganteiis is succeeded 
in the Isloscow basin by limestones with Spirifer MosgumsiSy 
and these are succeeded by a massive complex of strata com- 
prising, botli in the Ural and in the Donetz basins, coabseams 
interbedded with massive Fusiilina limestones. Fr^m the 
palaeontological contents of this younger series in the Russian 
basins of deposition, V. von Moller concluded in the year 1875 
that it was the equivalent of the Productive Coal-formation in 
Western Europe. Thus it was demonstrated that the Carbon- 
iferous system contained a definite palteontological sequence 
of extensive distribution. 

In North America the Carboniferous formation has a wide 
surface outcrop, and as a rule consists of a Lower marine 
division (Sub-Carboniferous group) and an Upper productive 
division with coal-seams (Coal Measures). ' But in the Western 
States, especially in Illinois, Nebraska, and Missouri, beds of 
Fusulina limestone frequently replace the productive deposits 
or occur in alternation with them. 

The Productive formation of the Carboniferous system has, 
on account of the great commercial value of the coal-seams, 
been examined in the very greatest detail not only in European 
lands but in all parts of the \^Grld. Survey maps of the coal- 
seams have been prepared on the largest scale, and afford 
evidence of the manifold diversity in the stratigraphical rela- 
tions of the sandstone, conglomerates, shales, and coal-seams, 
and of the repeated tectonic disturbances to which in many 
districts these strata have been subjected since their original 
deposition as horizontal sheets of deposit. 

In Germany the Saar basin has been mapped by Von 
Dechen and Nasse,dhe Westphalian Coal-formation by Lottner 
(1868), and the Carboniferous deposits in the Halle district 
have been surveyed and described ^by Laspeyres (1875). 
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Ferdinand Roemer in 1870 gave an accurate description of the 
coalfields in Upper Silesia, and in 1882 Schutze published an 
account of ^he Lower Silesian*anti Bohemian Coal deposiis. 
The Saxony district^ was examined by H. B. Geinitz (1856), 
who tried to determine two palaeontologically distinct zones in 
the Productive formation, a lower zone exhibiting chiefly 
Sigillarian remains, ai>d an upper with Calamites and ferns in 
greater profusion. A similar sub-division was attempted by 
E. Weiss for the Coal Measures olr the Saar basin, ^nd 
Schiitze and Stur also recognised sub-divisions of the Coal 
Measures in Hungarian districts But these sub-divisions can 
at the most have a local value; geologists agree that the fossil 
flora of the Coal Measures cannot admit of any general 
palseontological sub-division, as it presents a remarkably 
uniforgi character throughout all parts of the world. 

E. J^ermtan -The youngest system of the Palaeozoic 

Epoch has played a noteworthy part in the history of Strati- 
graphy. The industrial importance of the copper slate and 
the metalliferous “Zechstein” group in Germany secured it * 
the attention of mineralogists for many centuries. The copper- 
bearing deposits and the Coal Measures formed the chief 
kernel of ^Ver^er’s Flotz formations {a 7 ife, p. 58), and were 
selected by the earliest German stratigraphers, Lehmann and 
Fiichsel, for extended field examination. The recognition by 
these stratigraphers of a definite series of lithological sub- 
divisions, together with their representation of the field- 
outcrop of these sub-divisions upon good maps may be 
regarded as the starting-point in Germany of the present 
methods in stratigraphical research. Fiichsel and Lehmann 
tabulated the complete succession of the rocks now known as 
Permian, from the Red Underlyer or basal series of coarse 
conglomerates, shales, and sandstones, to the uppermost beds 
of limestone, dolomite, and marls in the Zechstein or 
mine-stone series. At that time the Zechstein series of Central 
Germany was not unnaturally confused with the stupendous 
masses of limestone, dolomite, and interbedded marls in the 
Alps and Jura mountains, and the apparent lithological 
resemblance of the series was the source of the •mistaken 
conception held by early Alpine geologists regarding the age 
of the so-called “Alpine limestone” and “Jura limestone.” 

In England, Conybeare and: Phillips identified quite 
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correcily the .geological -age of the Magnesian liinestone^ and 
the Red Conglomerates of Devonshire with the Thuringian 
Z<^hsteiii group and the Red l 5 iiderlyer series respectively. 

, Freiesleben, in 1S07, gave an excellent s}^stematic description 
of all the sedimentary rocks of Thuringia between the Red 
Underlyer and the Muschelkalk, comprising^ the whole 
succession under the name of Ktipferscli/efer Gelnrgc (Copper 
Slate Series). D’Omalius d’Halloy in iSoS termed the same 
complex l^errain intending to give expression to the 

paucity of fossils in the rocks.^ Afterwards, in the second 
edition of hxsEkmente der Geologic (1834)^ D’OrfAlius d'Halloy 
confined the term Terrain Penden'" to the Red Undetlyer, 
Copper Slates, and Zechstein groups, and transferred the 
Banter Sandstones with the Muschelkalk and Keuper series to 
the Trias^ a designation for these three younger formations 
which had been introduced by Alberti. 

In 1841, Murchison revealed the fact that a diverse 
lithological series of rocks, identical in age with the Red 
Underlyer and Zechstein, covered vast areas in the province of 
"Perm and in the Eastern region of European Russia, and said 
Russia must be regarded as the typical district for these 
formations. He therefore proposed to give to the formations 
in question the name of Permian Sysiem^ and classified the 
system as the youngest member of the Palaeozoic succession. 
This name rapidly displaced D’Halloy’s designation of Terrain 
Penden, all the more as Geinitz and Gutbier, in their admirable 
monograph (1848-49) on the fossils of the German Zechstein 
and Red Underlyer, strongly recommended the name of 
“ Permian System On the other hand, Marcou objected to the 
name proposed by Murchison, on the plea that many of the 
geological sections of the Russian area were inaccurate, and 
that the rocks which Murchison had there ascribed to the 
Permian system were frequently of Lower Triassic age. 

Jules Marcou recognised in 1853, for the first time, the 
Permian age of a series of dolomitic limestones, marls, shales, 
and conglomerates covering a large territory between the 
Mississippi and the Rio Colorado. The presence of the same 
complex was afterwards determined by Shumard (1858) in 
New Mexico; by Meek, Swallow, and Hawn in Kansas; by 
Worthen in Illinois, Missouri, and Nebraska; by Cope and 
White in Texas. Marcou observed two well-marked divisions 
in the American series just as in European, and he 
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therefore suggested the name of Dyassic as a more suitable 
general term than Murchison’s name derived from the Perm 
province, fie further propose lo assooiate the Dyas and 
Trias as members of one great period in the geologidkl 
succession, tqual in rank with the next older Silurian and 
Devonian or greywacke period, and with the next younger 
Jurassic and" Cretaceous period. H. B. Geinitz jji86i'62) 
adopted Marcou’s terth of Dyas for the Permian system, and 
at the present day both names ar^ usually given in *the 
text-books. 

The Dyassic deposits in the Saar and Rhenish district were 
investigated i 1 ^ detail by E. Weiss (1869-72), who proved 
the palaeontological identity of«the Fish, Amphibian, and 
Plant remains in the Lebach strata of the Saar basin with the 
Red Underlyer series in Lower Silesia and Bohemia, and 
transferred the Cuseler strata below the plant-bearing series 
from the Carboniferous system with which they had been 
erroneously included to the Dyassic system. Weiss also 
pointed out as important features of distinction that the 
lowest beds of the Red Underlyer or Lower Dyas occasionally, 
contained workable coal-seams, and that the upper beds of 
the Lower Dyas were interbedded with thick flows of eruptive 
rocks (porphyry, porphyrite, melaphyre, etc.). Similar features 
were determined by the geologists of the Prussian Survey 
Department in the Harz, in Thuringia, and in Silesia, and by 
Credner and Sterzel in Saxony. 

The structure and composition of the Copper Slate and 
Zechstein group, or Upper Dyas, had been so exhaustively 
treated by Lehmann, Fiichsel, and Freiesleben that little 
remained to be added by recent research. From the 
predominance of fossil fishes and plant remains in the copper 
slates, and the frequent intercalation of thick deposits of 
salt between more ‘ calcareodfe fossiliferous portions of the 
Zechstein, the Upper Dyas of Central Europe is assumed 
to have taken origin in large inland seas, occasionally subject 
to periods of desiccation. 

In the Central French plateau, the development of the 
Permian rocks is very similar to that in the Saar basin. 
The English deposits correspond more to the Thuringiaii 
development, and consist of the Red Underlyer groTip (locally 
called '‘Lower New Red Sandstones”), bituminous shales, 
Magnesian limestone, dolomite, marls, and gypsum. An 
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i’.nportnnl monograph of the fossils in the ^Magnesian limestone 
was puhlislied in 1850 by W.' King. 

Whereas in the*^ above-pieptioned districts tfee Permian 
s}tstem appears to be composed of two well-defined members 
witl'i distinctive lithological characieifstics ?rnd faunas, 
Karpinsky made the observation in 1S74, in the Ural 
mountains, that the Upper Carboniferous Fusulina limestones 
were coniorniably succeeded by a sandy Rod marly c-oalbearing 
groyp of strata conlai|^ing a rich niarlne fauna, transitional 
between the Carboniferous and Permian system. There were 
fossil types identical with Carboniferous species, others 
identical with Permian species, and still others that had not 
been previously found and^nvere apparently peculiar to this 
group. Karpinsky therefore viewed this Artinsk Etage'^ as a 
transitional group of strata between Carboniferous and Permian 
deposits. Russian geologists have proved its extension 
almost from the Arctic Ocean to the Caspian Sea, and 
frequently distinguish it as Permo-Carboniferous. 

The marine fauna of the “Artinsk'^ group has also been 
^identified in the Timan district of Petschora lan;i, near Djulfa 
in Armenia, in Nebraska, and in the Salt Range of the Punjab 
district in India, where it occurs in the Lower and Middle 
Productus Limestone, and is succeeded by a young Permian 
fauna (Upper Productus Limestone). The fauna of the 
Indian Productus Limestones has been made the subject 
of an admirable work by Waagen, published in the 
Paliconfologica Indica (iS 79-88). 

In 1882, Fusulina l.imestone of Permian r\ge with a richly 
diversified fauna was found in the Sofio Valley in Sicily, The 
fauna has been described by Gemmellaro, and appears to 
correspond in age with that of the “ Artinsk^' group. Freeh 
referred the Fusulina limestones of the Carinthian Alps to 
Upper Carboniferous age ; whrreas Schellwien showed that 
the pale Fusulina limestones of Carniola contain a Permo- 
Carboniferous fauna. 

In the Alps, the reddish Groden Sandstones and Verrucano 
Conglomerates were demonstrated by Suess (1868), upon the 
evidence of fossil plant-remains, to be the equivalent of the 
Lower Dyas or Red Underlyer series. In the Venetian Alps 
and near Neumarkt, the Groden Sandstones arc succeeded by 
a series of iiiterbeclded dolomite, rauchwacke, and gypsiferous 
shales, which, according to Giimbel, are of the age of the 
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German ‘^Copper Slate.’^ The uppermost member in the 
Alpine succession is a bituminous marine limestone known as 
Belleroph«>nkalk^'^ from the targe number of Bellerophpn ’ 
species contained in it The fauna has a fairly diversified 
pelagic character, but G. Stache in his memoir on the 
Bellerophon limestone {Jahrb. k, k. geoL Eeichs.^ 1887-88) 
showed that there were several species common to 4 t and to 
the Zechstein of the German area. 

A striking facies of the youngest Ptl^ozoic and the oldest 
Mesozoic deposits occurs in Central and Southern India. 
Instead of the marine strata present in the Punjab, the 
deposits south of the Narbada river are of fresh- water 
origin, and comprise Conglomerates, Sandstones, and Car^ 
bonaceous shales. They were for the first time examined in 
detail near Talchir by the brothers Blanford (1856) and 
Theobald, and these geologists sub-divided the deposits into 
four palaeontological groups (Nagpore, Talchir, Darauda, and 
Mahedewa groups). The lower divisions were placed in the 
Upper Permian formation, and the upper divisions were 
assigned to tli^ lower Trias. The Talchir group consists of * 
conglomerates with very large boulders and striated surfaces, 
and W. T. Blanford argued from this and other evidences that 
the boulders had been transported to their present position by 
means of icebergs, and that consequently there must have 
been an ice age during the latest Permian eras. 

The whole complex of Permo-Triassic fresh-\vater strata, 
about 6000--7000 metres in thickness, received the name of 
Gondtvana System from Medlicott, and according to the latest 
investigations, the lower members, including the Talchir and 
Damuda groups, are of Permian age, the “ Panchet Series ” is 
probably Triassic wholly or in part, and the upper horizons 
apparently represent a considerable portion of the Jurassic 
deposits. The lower member! are especially subject to local 
variations, and the Talchir conglomerates repose unconformably 
upon different horizons of the older rocks. 

The Kahabari, Damuda, and Panchet groups present inter- 
calated coal-seams accompanied by fossil plants, amongst 
which the genera Glossopteris and Gangamopteris abound. The 
rich flora and the occurrence of remains of Vertebrat^^s (Stego- 
cephali and Anomodontia, cf. p. 417) give a distinctive 
impress to those groups, and render it difficult to find a com- 
parison with European^ developments. Nevertheless, the com- 
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plete absence of true Carboniferous plant-types indicate that 
the Gondwaiia Coal-measures are younger than_ the Car- 
boniferous epoch, a-nd, on the *)ther hand, the superincumbent 
strata of the Gondwana system contain Triassic phiit-remains, 
hence the Glossopteris series in which the coal-?eam_s occur 
are thouuht to be of Permian or possibly Permo-Xnassic age._ 

A svstwn resembling the Gondsvana sy|tem of Southern India 
is present in South Australia, in South and East Africa, and 
in •Brazil; littoral and fluviatile sandstones, conglomerates, 
shales, and locally well-develop,ed Coal-measures form_ m alt 
those ’localities the concluding group in the Pateozoic sue- 

The similarity in the character of the deposits has suggested 
to geologists the idea that these areas may at that epoch have 
been connected with one another as the broken coast-lme of 
some southern ancient continent, and this whole region o 
Permian coal-bearing deposits is sometimes rrferred to col- 
lectively for convenience as “Gondwana Land. ’ Quite recently 
a Glossopteris was found in the Russian Permian formation, and 
•this discovery affords an important link in the comparison 
between the Russian facies and the facies of Gondwana Land. 

In South Africa, the Gondwana system consists of con- 
glomerates, clays, and sandstones, and in the^ Permian 

species of Glossopteris have also been identified. This system 
rests unconformably upon Carboniferous rocks and is itsel 
unconformably succeeded by shales, which pass upwards into 
the Karroo beds. The identification by Amalitzky of Permian 
Anthracosias at the base of the Karroo beds ^ . 

general assumption that the mam body of the Karroo beds is 

"^^he intimate connection of the Permian system_ vvkh the 
Trias in the Southern Hemisphere, in India, and m_ Russia, 
appeared to confirm the views of Conybeare, who in 1832 
had associated the Magnesian Limestone with the Red Com 
glomeiUtes and the Bunter Sandstone a united PwAiAAf 
group. Brongniart applied the name FotkiMic only to the 
Bunter SandsFones; Buckland, in his ideal section of the 
earth’s crust, combined the Permian and Tnassic successiori and 
termed it “Poikilitic System.” Marcou (1859), John Phfilips 
(1871), and the English Committee of the International^ Con- 
Lss of Geologists in London (1888), supportedlhe union of 
the Dyas and Trias into one group,. to be placed in the 




STRATIGiyiPmCAL GEOLOGY, 459 

Mesozoic epoch. But in North America and on the Com 
tinent there has been an adverse current. The near relation- 
ship of the®fi[oras and faunas ?)f the Perftiian deposits wit;Ji 
those of the Carboii^ferous seemed to make it injudicious to 
draw any sudi sharp line of division at the conclusion of the 
Carboniferoustperiod as would be indicated if the Permian 
rocks were transferred^to Mesozoic time. And so close had 
the relationship between the Permian and Carboniferous 
systems appeared, that A. de Lappafent, in the first t\vo 
editions of his admirable Tex,t-book of Geology, had united 
them under th%name of “ Permo-Carboniferous System.’’ 

F. The Triassic System . — The fossils preserved in the older 
horizons of the Triassic system in Western and Southern 
Europe afford evidence that the plants and animals which 
flourished and abounded in these areas during Permian and 
earlier epochs had largely given place to new forms of life. 
European geologists therefore sought to give expression to 
local disconuities of the palaeontological chain by regarding the 
Triassic system as the first of a Mesozoic epoch, when the ® 
characteristic forms of life were intermediate between the 
faunas and floras of the very ancient or Palaeozoic epochs and 
the younger or Cainozoic epochs. The Mesozoic epoch is sub- 
divided into three systems or formations * Triassic, Jurassic, 
and Cretaceous. 

In the eighteenth century, Lehmann and Fiichsel recog- 
nised in Thuringia the Bunter (or variegated) Sandstone and 
Muschelkalk (or shell limestone) as independent members of 
the Flotz series, and had separated them from the Red Under- 
iyer and Zechstein. The characteristic fossils of the Thur- 
mgian Muschelkalk are admirably described and figured in 
Schlotheim’s NachtrUge zur PetrefakUnkiinde (1823). N ever- 
theless, there was for a long time great insecurity in Germany 
regarding the Bunter Sandstone and the limestone above it, 
as many geologists^ even such travelled observers as Leon- 
hard, Charpentier, and Voltz, confused the Bunter Sandstone 
with the North German Underlyer, and the grey limestone or 
Muschelkalk with the Zechstein, 

Peter Merian, in his first treatise (1821) on the g^eology of 
the neighbourhood of Bile, was uncertain about the strati- 
graphical position of the Bunter Sandstone, but showed that 
this horizon of rock w^s succeeded both in the Vosges and in 
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the Black Forest by grey limestone with uneven surfaces and 
extremely rich in Telebratulas and Lamellibranchs, and that 
the fossiliferous litfiestone wa§ succeeded by variegated marls 
with interbedded layers of sandstone and g;^'psum. but 
although Merian quite accurately described the strata which 
were afterwards recognised to be Muschelkalk-and 
the snocral palceontological literature tyas scarcely_^su1tiuentl> 
advanced to permit. of his identification of 
roc-ks, and he regarded'them both as equivalents ot the Juia 

''"liiNodh Germany, Hausmann (1824) and IFofrmann (1823 
and 1830) elucidated with praiseworthy accuracy the strati- 
graphic'al relations of the Bunter Sandstone, Muschelka k and 
the superposed marls and clays with each other and with the 
lower formation of the Zechstein and the Red Underlyci. _ 
About the same time, in 1825, the relations 
were explained in the Upper Rhine district by three geologists 
who made a journey together-Oeynhausen, ^ 

Roche. It was in their work that the term Keuper \va^ 

- first applied to the bright-coloured marls and clays above the 

MuscheVlk. The term originated as a corruption in 

use in Coburg, and had been suggested by Leopold von Buen 

in a letter to Merian. . 

The rocks of Wurtemberg were described in ^7 

Alberti ^ primarily with a view to the investigation of the 
minerals, but the work proved to have a high 

R provided an accurate account of the Bunter Musche^^^^^^^ 

and Keuper in that area. In 1831 Merian published his de 
scription^of the same formations in the southern part of the 
Black Forest. Still more detailed was the_ excellent descrip- 
tion of the Vosges mountains and the adjacent portions a 
France with which Elie de Beaumont commenced his geo- 

'Thi Sent Frenctonn divided the Snndf ne serieyn 
the Vosges into three distinct groups ;-i, Ihe Lower Red 

> Medrieh .heB- Swef "Si; fs"" 

intpeete. J S,U«o* n. 

I'vlwlrichslfall He bored rock-salt at Scliwenningen, and was made 
Counc-iUor ;f Mines in 1836, and from 1852 manager o the Fnub 

nchsball Saltworks, where he successfully enteicd a new siu . 
in 1878 at Heilbron. 
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Sandstone, with conglomerates and red clay ; 2, the Vogesen 
Sandstone; 3, the Bunter Sandstonp {grh bigarre). The 
Vogesen Stfcdstone was regarcfed'^by ElieMe Beaumont as^n ^ 
equivalent the i^echstein or Red Underlyer series, and he 
thought the uprise of the Vogesen bad taken place after its 
deposition. ^The Bunter Sandstone was described as some- 
times s,ucceediog it ^unconformably, sometimes dissociated 
from it by ‘faults. On the other hand, the Bunter Sandstone 
was said to pass gradually upward int® Muschelkalk and ''the 
latter into Keuper deposits 

In the yea%i834 Alberti published his classic Motiograph 
of the Bunter Sandstone, Muschelkalk, and Keuf er, and their 
tmion as a formation. Alberti suggested that the name of 
Trias be given to this formation, on the basis of the well- 
mark^ character of the three sub-divisions. Starting from 
his own observations in South-Western Germany, Alberti 
drew a comparison between the deposits of the same 
age in other parts of Europe. Each of these three main 
divisions of the Trias was again sub-divided into a series of 
groups or horkons of rock, which are all carefully established - 
upon stratigraphical, lithological, and palseontological data. 

Alberti’s sub-division of the Trias has remained the standard 
of research in Germany, although one or two slight modifica- 
tions have been made. In other countries the name was also 
accepted, and the development of the Trias in Germany was 
regarded as the leading type in Europe of the sedimentary suc- 
cession which had accumulated during that period in the large 
inland seas and lakes intermittently in open communication 
with the sea. The Muschelkalk, which represented the longest 
period of marine conditions in the German area, was found 
however to be entirely absent in certain areas. 

William Smith had early p^ointed out the absence of the 
Muschelkalk in Great Britain. Later researches by Conybeare 
and Phillips, by Strickland (1833-37), by Murchison and 
Buckland (1839), showed that in Great Britain the Bunter 
beds are largely of estuarine origin, composed of sandstones, 
pebble-beds, and conglomerates, while the Keuper beds are 
also in places conglomeratic, or , are red and white sandstones, 
and pass upward into the characteristic red and- green marls 
containing local beds of gypsum and thick layers of rock-salt. 

A summary of the Triassic Succession was given by Quen- 
stedt in his Jdbtz Series of Wurtemberg (1843). Quenstedt 
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differed from Alberti on certain points respecting the sub- 
division, and the differences of opinion have been continued 
the adherents of the onevlfiw or the other unti^ the present 
day. differences arose solely as to best inode of treat- 

ment of the passage*beds from Banter to Muschelkalk, and 
from Muschelkalk to Keuper The Wellcndolomit or wavy- 
surfaced '^dolomite, which occurs at the passage from the 
Banter sandstones to the typical limestones of thb jMuschel- 
kaltc group, were placed by Alberti at the base of the I^ius- 
chclkalk, whereas Quenstedt preferred to give them an 
independent position, or to include them wkh the Banter 
sandstone. Again, the “ Lettenkohled^ or passage group 
between Muschclkalk and Keuper, which comprises a series 
of marls and clays with thin coal-seams, was placed by Alberti 
at the base of the Keuper, and Quenstedt placed it the 
uppermost horizon of the Muschekalk. In later publications 
both authors adhered to their opinions; Alberti made one 
slight change in transferring the dolomitic limestone (** Tri- 
gonodus limestone ” of Sa.ndberger) from its association with 
the IMuschelkalk to the base of his “ Lettenkohle '' group, thus 
adding to the security of the systematic position to which he 
had assigned the Lettenkohle group. 

As Alberti’s sub-divisions have been fundamental in the 
literature, and will be convenient for reference in the subjoined 
pages, the list may be shortly stated : — 

Palocontological 
Character. 

(Afterwards distinguished as 
Rhaetic or Infra- Lias): Avi^ 
Cilia contorta^ Mstheria 
minuiUi Cardium RJimti- 
ciwi, Beiodon, Microlestes 
antiqims^ etc. 

Occasional occurrences of 
plant, fish, and labyiintho- 
dont remains. 


Myophoria Go!dfiissi\ M. 
iransvcrsa, iemi- 

iss/ma^ etc., VoUzia hefero- 
piiylia^ Esthcria mzmda, 
Bainiia; Fish and Saurian 
r-^nnains. 


Upper 
Keuper 
Group, or 
Gypsum 
Keuper.” 


Lower 
Keuper or 
** Letten- 
Ivohlen ” 
Group. 


Sub-division of German 
Trias. 

("Tubingen sandstone (with 
bone-beds). 


“ Keuper” marls and arlcose 
sandstone, dolomitic marls, 
waterstones ” (compact 
sandstones), gypsum and 
variegated marls. 

Upper limiting band of grey 
dolomite and limestone, 
dark clays, earthy coal 
and sandstone, dark clays 
and shales, earthy coal and 
gypsum. 
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Sub-division of Geb^man 
Trias, 


Pal^.ontolog I cal 
Character. 


FrieQricbs- 
hall Lime- 
stone (Up.- 
Muscliel- 
kalk). 


rBolomitic limestone - ^ 
I Friedrichshall limestone 
I (Clitic xodK (Rogenstein) 


V-Encrinite limestone 


TrigonodtLS Sanddergerz, gtc. 
(Lima striata^ Tez ebratzila 
I milgazds, Nautihis bidoz'- 
satusj Cez'atiies rtodosus, 
i etc., richly fossiliferous. 
Ezicrums liliifo 7 "fhis, etc. 


Anhydrite 
Group 
(Mid. Mus- 
chelkalk). 


( Dolomite, marls, porous 

limestones, bituminous 
limestone, gypsum, an- 
hydrite, clay and rock- 
sSt. 


^urian remains occasiojially 
occur, otherwise poor in 
fossils. 


AYellenkalk (wavy limestone) 
Wellen- Wellendolornit (wavy dolo- 
kalkGroupJ mite). 

(Lr, hfus- 
chelkalk). 


Richly fossiliferous, T 
bratula milgaris^ T. an- 
gusta^ SpirifenincL fragilis, 
Gefuillia costata, Myopho- 
ria elegans, etc. Enczdnns 
liitiformis. 


Bunter 
Sandstone ^ 
Group. 


/Variegated clays and marls, 
chiefly red clays with gyp- 
siPm and salt. 

Bunter sandstone - 

“ Vogesen sandstone ” (false- 
bedded fine sandstone in- 
terbed ded with dolomite 
\ and oolite). 


Myophoria costata, M. vul- 
gariSi plant remains, Eqni- 
setum, Volizia^ etc. * 

Labyrinthodont remains and 
amphibian footprints. 
Esiherm mmuta^ etc. 


The later literature on German Trias is very voluminous. 
Giimbel, Sandberger, and Thiirach have materially advanced 
the stratigraphical and palaeontological knowledge of this 
subject by their exhaustive studies of Bavarian areas. Daubrde, 
Benecke, and Lepsius have been amongst the geologists who 
have investigated the Trias in Alsace-Lorraine. In the Rhine 
provinces, Weiss and Blanclfenborn have been the chief 
workers. The isolated Triassic outcrop at Riidersdorf, near 
Berlin, has been made the subject of a monograph by Eck, 
and the Upper Silesian area of Trias has been described by 
Eck and Ferdinand Roemer. 

Only after a clear exposition had been obtained of the 
general stratigraphical relations of the Trias in extra-Alpine 
European localities, could the difficult task be seriously com- 
menced of unravelling the tangled skein of the Triassic rocks 
in the Alps. To determine the relations of Triassic rocks in 
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the ficU, to define their true succession, to distinguish their 
diverse local developments, to comprehend their remaikable 
nictamoriihosis due to chentiSal and dynamical 
been some of the chief themes in Alpine geology foi the las 
fifty years. I'lie most skilled Alpine geologists _ nat e demoted 
thmr^energies to the difficulties of the Alpine ir.ws, and sti 1 
k onlv ix-^^sslblc to record a partial success. ^ _ 

“ I'c Vo back to l -eopold von Buch, that experienced geologist 
sm 4 ml timJs travelk* in South Tyrol, the Sakkammergut 
Stvria and Carinthia, and published a series ot pamphlets 
M though short, ;ere closely packed with abservations on 
the stratigraphy. A small map of South 1 yrol appearecl in 1822 
I a gSial survey of his results, and it shows how very 
httlcInforVation he had gleaned regarding the geolopcal age 
and relations of the masses of “Alpine Limestone,” and the 
members of the Secondary Alpine rocks Vorarl- 

Keferstein compiled a geognostic map of ^ Lj . g^^all 
berff in 1821 ; it shows at the north edge of the Alps a sma 1 
ban^d of Bun ter Sandstone striking from Bnxlegg to kitzbichel, 

, Xpirin- in the Kloster valley of Vorarlberg, and continuing 
S“d ftom ftat .0 Uk. Walen. In I"' 

Schkm mountain, naan Eotaen, n KoSTIanl 

shaped outcrop of sandstone, and at the ^citle poster 

atone and conglomerate band bepns f 

valley eastward and ceases at Innicben. Ihe ^ . 

and published by Schropp in Berhn ( 

"worthy advance ^ v nnrl Murchison’s Geological 

insight to be gained from Sedgwick mid '^'^^^01 s O 

Sketch-map of the eastern A f ^ in North 

tension of the red sandstone ^ Carinthia, and Carniola; 

SSd'J ZeSstehV This map and ^“1 gcologd sec^^^^^^ 
accompanied V,folSstV'' Tfeir contribution to 

5 fl^£ rer"VScSVless powerbil in hs mhuence 
thL their works on the Pateozoic rocks .ot (meat Britain. By 
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its numerous sections and correct fundamental conceptions of 
the tectonic relations of the various groyps of strata, their 
SkeUh of t& Siniciiire of the KasFern Alps provided the fifst 
intelligible \%ayboard for the student of the geology of the Tyrol, 
and was recognised as the starting-point of further research. 

Excellent bpecial sections were worked out by Lill von 
Lilienbach^in the Salza Valley from Bischofshofen and Werfen 
to Teisendorf (1830), and from Werfen weng through J:he 
Tannen Range to Mattsee (1833). ^Bhese afforded a true 
representation of the stratigraphical succession of the rock- 
groups which «ompose the northern limestone Alps, but Lill 
went far astray in the vague attempts which he made to 
identify the Alpine rocks with extra- Alpine formations. One 
of his most noteworthy contributions was his careful deter- 
minatk)n of the guiding thread supplied by the reddish and 
greenish “Werfen’^ shales, whose name is taken from their 
typical development at Werfen in that area. Lill traced them 
everywhere as the basis of the Alpine limestone, but he 
erroneously assigned them and a considerable part of the 
limestone to th’e Wernerian “transitional” series {ante^ P* 5 ^)- 
Lill’s chief strati graph! cal results may be summarised in tabular 
form : — 


Upper Alpine Limestone^ comprising the “ Hippurite” lime^ 
stone of Untersberg, etc. 

( Shales and sandstones with clays, 

umie Albine Limestone and the salt deposits of 

Middle Aipme ■t^_^"nestoiw j Hallein, Berchtesgaden, Hall- 

stadt, and Aussee; Rossfeld 
[ and Schellenberg strata. 

Red marble of the Diirnberg ; 

Adneth limestone with Am- 
f monites ; limestone and dolo- 
mite of the W atzmann, Tannen, 
and the Hohe Goli groups. 

Werfen Shales with interbedded gypsum (regarded by Lill 
as a “ transitional ” formation), 

H. G. Broun examined the fossils collected by Lill, and in 
a supplementary paper to Liil’s in the Neues Jahrbuc^ (1^31 )> 
emphasised the unusual character of the fauna of Ammonites 
and Monotis present in the Diirnberg limestone, and its ap- 
parent affinities with Liassic and Transitional marine faunas. 


(regarded as Jurassic). 


Lower Alpine Lhnesione, 
doubtfully indicated as 
“transitional forma- 
tions.” 
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r.n.nu regarded the middle Alpine limestone as Jurassic or 
1 iissic in comparison with tliese indefinite surmises regarding 
t£Sc of Alpine limestone deposits, the secure identification of 
Muschelkalk in the neighbourhood of Recoaio and kovegliano 
by ilaraschini (1822), Catullo (1S27), and Murchison makes a 

"■"■■I'"'? 

^t fassian in South Tyrol proved a turning-point m tire 
hktorV of Aloine geo&gy. Leopold von Buch had brought 
Ht' ('assian fossils with him from one of his journeys in the 
rioloniS and hrsent them to Count Mihrter for identi- 
fication In 1834 Count Munster published in the 

Jahrlmch the description of a large lSS 

r^oeiic most of which had been sent to him uy i^ommu. 
Of one hundred and twenty-eight species, Munster thought _ie 
?ouk idem ffy seven as M^chelkalk species, two 
3 six as Jurassic. Munster’s famous work published in 
T ft -IT "entitled Beitriise sur Peirefaktenkunde, is a monograp^ 
of dm St Cassian funa. The investigation of four hundred and 
• ?Ientv two Secies of Mollusca, Brachiopods,* Echinoderms 
Corals and Siwnges by Count Munster led him to co”cl“d® Jthat 
; 1 thi St Cassian species also occurred in the Carbon- 

ifc 5 L limestone snd Zechstein, ten in ““f 

h,heLi.ssic,a„d.hr«,nte 

“common species tb Miinster could not ascertain any 

the others- analogous. Count iViuns harmonise with 

- tite 

'’"’MUnstefs p.teon.ologM 

geological part written y • ^ Cassian and at 

of the strata " Mountain was described by 

die northern side o the Schto^^ 

Wissmann. He plied the e -ont/en PorDhyry 

calcareous strata immediate 7 .,^ °'g j base of Scblern 

sirata, from the name of a village _ , . , “Werfen 

t^-Stetltn^ 
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ceeded thick masses of dolomite. These were at that time 
termed “ Fassa Dolomite ’’ from the Fas^ pr Avisio Valley, the 
leading valley of the district. * * 

Buch ha<i explaii^.ed the dolomitic character of the “ Fassa 
Mountains as the result of alteration associated with the local 
volcanic action, but Wissmann regarded the “Fassa Dolomite” 
as a nonpal marine- deposit. With regard to fhe marly 
St. Cassian strata characterised by the richly diversified 
small-sized fauna, Wissmann could nf)t find out what were 
the relations of this group ather to the Fassa Dolomite or 
to the marls mnd shales of two other fossiliferous localities 
near St. Cassian, namely, the village of Wengen, and the hill- 
slopes on which the pilgrimage chapel of “ Heilig-Kreuz ” had 
been built. 

In *1843, Klipstein published a geological and palseonto- 
logical account of the same districts. His observations 
in Abtey and Fassa valleys had been taken in unusual 
detail, but led to no satisfactory explanation of the tectonic 
relations of the district. Klipstein, who made personal collec- 
tions to a certain extent and also bought largely from the village * 
fossil-collectors, was enabled to add more than three hundred 
new species to the known fauna of St. Cassian. The investi- 
gation of these was unfortunately in no measure comparable 
with Munster’s work, and the fallacious identification of ?l 
Cephalopod as Aifimoniies cordaius led Klipstein to place 
the Wengen shales in the Liassic formation, and as the 
Wengen shales pass upward into St. Cassian marls, he con- 
cluded the latter were of Jurassic age. Bronn, in a review of 
Klipstein’s work, in 1845, expressed grave doubts about the 
Liassic and Jurassic age of the Wengen-Cassian series, and 
stated that in his opinion these shales and marls were possibly 
members of the Triassic formation which had remained hitherto 
quite unknown, and for which no comparison could be found 
in the German Trias, or they represented an aberrant “ facies ” 
of the Muschelkalk. 

In 1844, Emmrich contributed a short communication to 
the Neiies Jahrhich on “The Stratigraphical Succession of 
the Flotz Series in the Gader Valley, at the Seis Alp, and 
St. Cassian.” This work created a new era in the* study of 
these deposits ahd takes its rank as one of the classic contri- 
butions to Alpine geology. In the course of a short visit to 
South Tyrol, Emmrick prepared geological sections from the 
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Piifls Ravine 'to the Seis A'lp, and in the Gader Valley; by 
this means he .ascertained tht^t the **Seis Strata^/ begin with 
alternating dark-red and wliite sandstone, pass upward into 
red calcareous, micaceous, and thin"b*^dded .'Shales with 
Myacites Fassaensis, and these are succeeded by a comple.x 
of grey calcareous beds resembling “Welienkal'k,'' containing 
PiHidtvuymya Chxmi. ^ 

Tim succession of strata, as Emmrich recognised it, may be 
shortly tabulated— 

7. JJoiomiie. 

6. FossHiferoiis St Cassian Sfmia, which build up the 
Seis Alp, and nearer Schlern at the Cipit Stream 
yield numerous fossils. 

5. Wengen Strata tviih HaloMa Lommeli, 

4. UnftnstUferous Complex. 

{/.) (Calcareous rock resembling Wellenkalk. 

(<?.) Dark limestone and siliceous concretions. 

(d.) Light grey shaly limestone. 

(c ) Dark bituminous limestone. ^ 

(A) Dolomite. 

(i7.) Limestone with irregular bedding surfaces. 

3. Limestone with Fosidonomya Ctarai. 

^ 2. Shales with Myacites Fassaensis. 

I. Seis Sandstone. 

Emmrich’s succession was taken as the model by all subse- 
quent stratigraphers, and became rapidly recognised as the 
normal section of the South Tyrol Trias. Thus the interest 
aroused by the St. Cassian fossils had culminated in providing 
the first clue to the particular character of the difficulties which 
had to be faced in Alpine geology. The Alpine equivalents of 
the Bunter or lower Trias h^d been clearly elucidated, the 
Muschelkalk had been identified; and the Wengen-Cassian 
group above it had demonstrated the actual presence of a 
fauna and a lithological succession different from that presented 
in the Muschelkalk or succeeding horizons in any known 
extra-Alpine area. The principle of local developments of 
rock of contemporaneous origin, but containing distinctive 
faunal assemblages, was now appreciated, and geologists had 
also more hope of being able to lix the relative age of masses of 
^‘Alpine Limestone^’ according to their stratigraphical position 
below or above the fossiliferous WengeivCassian group 
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In the year 1846, Hauer’s first monograph of the Cephalo- 
pods in the Hallstatt limestone appeared, and also a treatise 
by the saifie eminent author^ oil the Molluscan marble. of * 
Bleiberg in Carinthia. Hauer demonstrated the identity of 
some of the^species in these calcareous rocks with St. Cassian 
species, and^thereby founded the knowledge of the younger 
horizons of Trias in the northern Alps. Further contributions 
by Hauer In 1847 i^49 corroborated the great abundance 

of the Cephalopod fauna in the limestone rock in the neigh- 
bourhood of Hallstatt and «,Aussee, and showed that it was 
no less variec^ in its character than that of St. Cassian. The 
characteristic gastropods from the Hallstatt limestone were 
described by Hoernes. 

Although Hauer’s comparison of the fauna of the Hallstatt 
marble with that of the St. Cassian marls had given an indica- 
tion of the age of this particular Alpine limestone, and had 
shown it to be unquestionably distinct from the Liassic lime- 
stone of Adneth, Morlot (1847) still regarded the Alpine lime- 
stone, in accordance with the earlier work of Murchison and 
Buckland, as tLiassic or Jurassic. In a work otherwise very* 
admirable in many ways. The Explanatory Text of a Geological 
Sketch-Map of North-Eastern Tyrol^ Morlot entirely ignored 
all sub-divisions of the “Alpine Limestone” that had been 
previously attempted. The Geognostic Map of Tyrol, publishoyd 
in 1849 by the Mountaineering Club of Tyrol and Vararlberg, 
merely differentiated lower, middle, and upper Alpine lime- 
stone, without assigning a definite age to any of the groups. 

A general review of the literature and the position of 
geological research was written by Hauer in the year 
1850, after the Imperial Geological Survey Department had 
been established in Austria. According to Hauer, the 
Alpine equivalents of the Bunter sandstones are the Werfen 
strata, the Sernft shales and* conglomerates of the northern ^ ^ 
Alps, the Seis strata in South Tyrol, and the red sandstones 
and conglomerates in Carinthia and Carniola. A considerable 
part of the Alpine limestone belongs to the Trias; to the ^ 
Lower Muschelkalk may be referred the so-called Isocardia 
limestone with “ Dachstein bivalves ” in the Salzkammergut, 
in Bavaria and Vorarlberg, and the Dolomite witlj Cardium 
triquetrum in the southern Alps. To the Upper Muschel- 
kalk (or Keuper ?) belong the marbled limestones of the Salz- 
kammergut with Anynonites and Monotis, the Wengen, St. ^ 
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Cassian, and Bieiberg strata, and a part of the carbonaceous 
deposits in the Vienna sandstone (Lunz strata). Hauer at 
th|t, time regarded die Hallataflt limestone as younger than the 
Dachstein limestone. ^ 

The organised efforts of the Austrian (feolo^ical Survey 
rapidly .extended the knowledge of Alpine geology. In 1S5J, 
the Survey Reports sub-divided the Jriassic formation of 
North Tyrol into two groups: i, ike IFerfrn s/rafa tfmi fA/Z/tW- 
siein iimeskmes (equival«its of the Bunter sandstone and Lower 
Muschelkalk respectively); and* 2., the Halisfatf sira/a (or 
Upper Muschelkalk). The salt deposits were grid not to bi: 
intercalations in Alpine limestone, as Lill von filienbach IkuI 
assumed, but, according to Stur and Suess, belonged to tiie 
Werfen strata. The Hallstatt strata were now said to repose 
on the Guttenstein strata and to be succeeded ky Daekstem 
iimestonei and on the evidence of Lipoid the J)ack stein time- 
sime was united with the Kdssen (Gervillia) strata and referred 
to liassic age* 

There still seemed no means of determining the strati- 
•graphical position of the dolomitic rock in tlw nortlii Alps. 
Hauer, in his report, mainly relied upon two valuable works, 
the first a memoir by Emnirich (1B53) on the eastern part 
of the Bavarian Alps, and the other by Escher von der 
IJnth (1853) on the geology of Vorarlberg, 

With considerable insight, Emmnch had distinguished in 
the Bavarian Alps a series of well-marked life zones in the 
Mesozoic rocks: — 


Cenomanian - 9. Orbitulina sandstone (cf. p. 244). 
Neocomian - 8. Aptychus shales (cf. p. 405). 

Jurassic •* - 7- Haselberg marble passing into the 

Tithonian group. 

Liassic - - 6. Amalthefis marls with Amm, Ajuai- 

theus, etc. 

( 5. Gervillia beds or Kdssen strata witli 
Avtcula con tor ta, etc. 

Oolitic limestones with Ka^ii^iikina 
2M:. c^assiaii Leonhardi and other St. Cassian 

Series. types. 

^4. Lithodendron limestone (cf. p, 250). 
Muschelkalk ^ 3. Middle Alpine limestone with 
Halobia etc. 


Welleiikalk - 2. Lower Alpine . limestone, ^ dolomite, , 

and ranch wacke, with ^Tere- 
\ bmiukt milgaHs^ Myophoriaviik 

garis^ etc. 

Biinter ^ 1^'^d sandstone, Werfen shales with 

Momtis Clarai, €ix:, 

© ■ ' # ■ ■ 

FnimritMi enumerated a larger -number of fossils m the 
Avieula I'ontorta zone which had hitherto been referred tc? the , 
Liussic uroup, and in opposition to the views of Buch, Murchi- 
son LiU von Lilicnbach, an^ Schafhautl, he pointed out the 
strum' aftiniti?s exhibited both by the Avicula beds and the 
1 athocleiuli'oi'i liinestonc with the St. Cassian seiics. ^ 

In the \'orarlbera, Mscher von der Linth, partially _m col- 
laboration with Merian, made the following sub-divisions of 
the Wengen-Cassian group in the Triassic series 


St. Cassian 
Croup. 


Megalodon dolomite (“ Dachsteinkalk " 
or “ Main dolomite ”). 

Upper St. Cassian strata with Gervillui» 
injlala, Cardium Rhaticum, etc.^ _ 
Dolomite or middle St. Cassian (“ Esino 
Kalk”). . , . 

Black marls with Bacirylltum^ Schnnati^ 
and limestone with Halobta Lommeh 
(lower St. Cassian) plant sandstones 
with Emdseium, Calamites, etc. 


In this sub division the upper St. Cassian strata of Escher 
rnrreSDond to the “Gervillia” strata of Emmnch; and this 
c^nfeiSAf the St. Cassian marls with the Kossen marls 
proved a freiiuent source of error in after years, and also led 
K conseement misinterpretatlbn of the age of the limestone 
or dotonitc masses underlying the fossihterous marls or 
?Jnosin° upon them. Escher’s Halobia Lommeh sub-division 
is ^identical with the “Wengen” strata of Emmnch s South 

^^^InlpOTtant 'researches were made in the Trias of Lombardy 
bv (iurioni (iS^^s). He confirmed Eschers sulj-dmsions, 
slwwL that the Halobia Lommeli strata and plant sandstones 
rested upon Muschelkalk. and gave careful details regarding 
the fossils and superposition of the lower and middle Inassic 
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.horizons. ' Certain fossiliferoiis marls with J/vc^/^/w^fn I Harks 
• . /i^'/ and Xeferstemi were described by Curioni, and identified 
• wiUi St. Cassian slrafa. TheEi^no limestone of tljtf I .ombardy 
Alps, which had been placed in Eschers succession kkna the 
“ Megalodon (Dachstein) dolomite, was ascribedPby Curioni 
to a position ahve this dolomite. , 

The geological section of the Alps frgm Passan to Duino, 
which was prepared by Hauer, represents tlx* liigh-waler 
mart: of the geology d the eastern Alps in the year 1857. 




llie interposition of the “RaiijI” strata, characterised by 
Afyopkoria H'kaiekym rxt the base of the l)gchst«!in lime- 
stone, was the chief advance upon the previous systematic 
attempts. The position, extension, and fauna of the KaibI 
strata had been described by Ami Boue as far back as 1835, 
and twenty years later in more detail l>y Edtterle. In 1857, 
Hauer published a special monograph of the Raibl fauna, 
which was sutiplernented in 1858 by Bromfs description of 
the fishes, Crustacea, and plants of the black Rail.?! sliales. 
I'hese works undoubtedly helped to elucidate the faunas of lire 
•southern zone of the Alps. , 

Three highly rossiliferous series of earthy deposits luid now 
been determined in the midst of the masses of Al[)ine lime- 
stone : — Kvsseri beds, in which Leopold von Buch had first 
f^ind Gervillias and other bivalves near Tegern See in Bavaria 
(1828): the Raibl series and the Wengen- Cassian series; more- 
over, the pelagic faunas of the calcareo-dolomitic rocks had 
been fairly well investigated. It might, therefore, have been 
reasonably expected that the stratigraphical difficulties would 
no longer prove so insurmountable. As a matter of fact, these 
seemed in no w^ay diminished, and this was in itself an indication 
that the palaeontological method, wdiich had been so success- 
fully applied in the case of the English Jurassic formation in 
the Paris basin, or the German Trias, was not enough to unlock 
the mysteries of Alpine structure. The Triassic succession 
given by Hauer for the southern Alps in 1858 may be quoted, 
since it held the place of authority wuth the Austrian Survey 
for several decades. He differentiated in the geological map of 
the Lombardy and Venetian Alps the following seven horizons 
as a palaeo^itologi cal sequence: — 



. f 7 . Kossen strata. _ ^ 

Infralias^ s g_ Dachstein limestone and dolomite. 

Raibl strata of Gorno and Dossena. 
Esino limestone. 

St. Cassian strata. 


c Ro 

> . Re 


upper "1 lias. • 4- 


MiddId’Trias. 


Lower "Frias. 

% 


f 

i 

r 

\ 


eWengen strata and Rauchwacke. 
\Muscheikalk,^ 

fSer^^no and Werfen shales. 

\ Y errucano conglomerate. 


UK Italic 

l,is sub *v.s.oi>s ^ Lata of Como, fvilh Fisli 

Intummous Stoppani to 

and Saurian remains, weie limestones with 

Urn Muschelkalk; th« dolomitm l.mcstm Salvatore, 

2‘cr€ha/ii/(i ^ £hor localities were recognised 

,„a, l-uenno, Mf «>;; S S.paoi "» publiLd . 

as hneer hori/.ons ‘f' J ‘the Esino limestone 

valuable monoguipl , grounds identified the ag|! 

(1858-60), and upon I- ake I-Iallstatt and St, 

of .be bonbem 

in the ^ Kossen 

Brachiopods of the Kossen strJ^^ , Ulrich 

sUata,Suess understi^^od ti e 

and Schafliautl, as nell . ....position of the stratigraphical 
Escher. He gave a oXtein and Lithoden- 

relations of the of Seefeld. 

dron t" the whole complex reposes on the Hall- 

s si“ f, 


474 wibiuivs: 


Wi- 


fi 


contested with Jostice that the.. Kossen strata were marine 
equivalents of the Upper Keeper, and. a distinct forma-* 

tioji from the Grcste.n strata tod the limestone with Liassic 
Ammonites at Enzesfeld and Hornsteio. In tire same paper, 
l^lerian reported some additional Austrian focalilit^ where true 
St Cassian fossils occurred — at Telfs, in the I.aptsch Valley, 
and at Flj*ller Salzberg. ^ 

In the autumn of 1854, Glimbel commenced his investi- 
gations in the soiitlw^^st liavarian Al|>s and the adjacent 
parts of \\)rarlberg and North ^Tyrol, and his fust memoirs 
appeared in the Jahrbuch in 1836. 'Fhey afh^aled vahjable 
information on the tectonic relations and paimontologieal 
sub-division of the Cretaceous deposits in those Alpine 
areas. Giimbel showed that four quite different horizons of 
Triassic, Liassic, and Tertiary shales had been thrown together 
under the name **F!ysch7* applied by SchafhautI and other 
authors. 

In the summer of 1857, the memorable geological tour of 
the North Tyrol and Vorarlberg Alps took place, in which 
•Hauer, Richthofen, Fdtterle, Giimbel, Richies participated, 
and were for a few days joined by Escher von der Li nth 
and Cotta. The geological survey of Vorarlberg was then 
assigned to Richthofen, who had also to draw up the coni- 
l^ned report, Giimbel was to provide the supplementary data 
from the Bavarian Alps. 

Richthofen demonstrated in the first instance that the 
thickness of the Triassic deposits diminishes very perceptibly 
when followed from east to west, and is very much reduced in 
the Vorarlberg, He then presented in tabular form the paral- 
lelism of the Triassic sub-divisions at different parts of the 
Alps : — 

Vorarlberg, Eastern Tyrol. Salzburg. 

Upper Dach- 
stein lime- 
stone. 

Kdsse.n strata. '■ 
Lower I)ach-„ 
stein dolo- 
mite and' ■ 
limestone*. 


Lias. 


f 9. Upper Dach- Upper Dach- 


stein lime- 
stone. 

8. Kossen strata. 

7. Lower Dach- 
stein lime- 
stone. 


stein lime- 
stone. 

Kossen strata. 

Lower Dach- 
stein dolo- 
mite and 
;iimesto.ue. 



6. Raibl strata Raibl strata, 
with gypsum 
m and ranch- 1 
wacke. 

^ ArlbCTg lime- 
^ stone. 


Hallstatt 

limestone. 


Hallstatt lime- 
stone (resp. 

Wetterstein) 

Pa:j:tnach 
strata.^ 

.Virgloria lime- 
stone. 

Guttenstein 
limestone. 

Werfen strata. 

Verrucano ■ Con- 
glomerate (prob- 
ably Falreozoic), 

It will be .seen that Richthofen sub-di 
'i'rias, exclusive of the Dachstein limestone an 
into two groups, upper and lower, which are 
in the northern and southern Alps. im 
pass upward into the black, poorly-fossilifer^ 
which Hauer had introduced the name of G 
In iS 52 » it had been shown by Kudernatscl 
layers of these strata contain numerous hornsi 

arc thinly-bedded, and nodular. , ^ 

Several Brachiopod species I^Ferebraiula t 
fraeilis, Motizcli, etc.) were found in these i 
I'ichler in the neighbourhood of Innsbruck 
near Reiitte. Richthofen found Ammonites and B 
resembling in these la^iers at the \irgloria las 

the characteristic Brachiopods m the Lichtenstein are, 
the Guttenstein limestones frequently alternate with 
strata in the eastern Alps, Rrehthofen^separated the C 
stein strata from the upper more characteristic hor 
layers and called the latter Virglona Limestone. 

kkimbel had found in the Partnach ravine, neaj 3 
kircl en marly shales with JMobia Lommelt (f erwards 
// and Bactryllium Schmialt. Above thes 

and shales in the Vorjirlberg, Richthofen had found , 


Fartnacii 

strata. 

Virgloria lime- 
stone. 


Virgloria 

limestone. 


Guttenstein 
limestone. 
Werfen strata. 
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coloured limestone which he had termed “Arlberg Liniestooc’’; 
• in Bavaria and North Tyrol the Partnach shales are succeeded 
A hy*> a light, pure Ifmestoncf (tfterwards called ‘*^Wcttt:rstein 
Limestone”) with Chemmim\% and Diphpor^i annulaki. 'rhese 
limestones were identified by ■Richthofen wiili §ie Hallstatt 
limestone in the Salzkammergut. ,, 

Richthofen’s demonstration of thu occorrence of the 
Raibl strata in North Tyrol* is especially iinportaift. Oolitic 
limestones and plant-bttirlng sandstones associated with raiidi- 
waickcs and gypsum had been Qi)served by Ivscher in \'orar]- 
berg, and called Lower St Cassian strata. same series- 

observed by Picbler and Giimbel in North Tyrol and ikivaria 
were called ** Cardita Strata/’ from the freciuency of the fossil 
Cardiia creHafa. Like Esehet Picliler and Giimbel also 
referred them to the age of the typical St. (fassian strata in 
South Tyrol The occurrence of a fair number of^fossib 
identical with those in the south Alpine Raibl strata led 
Richthofen to identify this group (rf fossil iferoiis strata in the 
northern Alps as Raibl Strata,” although he admitted that the 
Raibl strata in North Tyrol seemed to have a greater numljer 
of fossils in common with the St Cassian series than was the 
case in the typical “Raibl Strata” at Raibl in Carinthia. Pie 
supposed, therefore, that the Raibl strata in North Tyrol were 
fiightly older than those in the southern Alps. 

The unfossiliferous calcareo-dolomitic masses of rock above 
the Raibl strata in Vorarlberg were compared by Richthofen 
with the Dachstein limestone in the Salzkammergut; in Vorarl- 
berg, the dolomitic masses passed upward into Kossen marls 
and limestones with Megalodon triqueter. The tectonic rela- 
tions in Vorarlberg were elucidated by Richthofen by means of 
a number of excellent geological sections. 

Another work by Richthofen^ which was destined to liave an 
even wider influence upon Alpine geology than his admirable 
exposition of the Triassic succession in North Tyrol and 
Vorarlberg, was his Geogmsimhe Hesc/mikmg der Umgegemi 
wn Predazzo^ *$/. Cassian^ nnd der Setsser Alp, I'his classical 
work appeared as an independent publication in the year i860, 
but the-authorb geological observations had been taken in the 
summer of 1856. The work was greeted on its appearance 
with the highest recognition from all sides, aiid the author, 
who was little over twenty at the time, was looked upon as one 
of the first Alpine geologists. * 



.\fter a historical introduction and exhaustive enumerat on 
r 1 ' ;^. v’ ous scientific literature in any way connected 

with tht- afca Kichthofen desSriBes the general surface ^n- 
willv ^ ■ g jtje reader a clear conception 

tonoia phica^^^ 

" 'riien follows a description of the formations and roc cs, 


„„ck.,«o divisions a T™ m live same way 

as in his trcalnient of the \ o»arlberg rocks . 


Lias. 


Upper Trias. 


Upper Dolomite, Dachstein lime- 
stone, and Heiligkreuz strata. 

Raibl marls. 

Schlern dolomite. 

St. Cassian marls. 

Cipit limestone. 

Wengen shales and tufaceous rocks. 
Buchenstein nodular limestone. - 

Mendola dolomite. 

Yirgloria limestone. 

( Canipil sandstones, etc. , 

Lower Trias. ■ Sets limestones. 

Groden sandstones. 

d,o‘'t;r,T,ss; 

cussed i.a\ccuuii cection. The occur- 

described, rikh reference both 

L pon the basi formations, Richthofen tries to 

devations and flif d 

Sre“rimmS“o “if* d.loml.e masses («»/e, p. 050). 




i3i“i^^?fBs;iiis 

r Sanation for ^^f^Scrwi.c v.ry dn.^nd •> 

snlvdivis^ Oi tho^ l.- - 
iprdiens on. ^ L,.n little alter 


coVehens^on. tTol 

South I’yrol has been “ 7 " 4 pel Nvith the upper pa t ot 

that the Heiligkreuz strata of the Kussen ^suata ^ 

the Raibl strata ; and as the p ‘ ^ ^ limestone, so often 

i e caL r»aa, ^V. l-a»tc.r.,l 

intimatclyassociatcdyipine. 
from Lias to Upper 'I ™s. 

-.nitetotfcrUyoftheaoae^^^^^^ „„««wd 

!bove the Muschelkalk. ^ ^thou Cassian, 

snecies of marine fossds ^,.^3 not a single specie 

£bf, Es.no, and .Ha'l»ln««Sy ,,,, ,„ oc^t .n 

Snongst then. Sy to>' °' “nC 

extra- Alpine deposits. _ 1 on y afforded ^>7 “I® 

ilpine and extnvAlpn e Tnas^l^^^ 

fos^sil species attached to the ;,.a. 

The highest interest,! c^Aq^; ‘‘On the siippostd . 

; memoir by Oppel V Akad. Wien, 1S66), 

lents of the Kossen strata ( -• Molluscan species in the 

!:ESe°n Avicla “OSS' 5 h species in cettain passage- 

beds between the Triassic and the stratigrapbical 

Thom could be no question tegaroin^ 

position upper Ved Keuper mads, am_ 

',Te“ onlotmbly “o“'“g,*“lje\e™Son rf ^ 

-SoC^i-^ f Soio".'»« 

Alpine Trias, and gave a mu a,,e suau 

_ Ss - ^ ■'" 


their work of surveying, pateontologists found matter for ^ 
discussion in the faunal affinities of the Avicula contorta zone . 
—whether 'the fossils indicatSd 'nearer relationship to the 
Keuper fossils below or to the Liassic fossils above them. ^ _ 
hlherti and Plieninger, the two leading Swabian authorities, 
thought their„ distinctly Triassic in character, and included the 
Avicula contorta zon« or Bone-bed as the uppermost member 
of the Keutier ; Duenstedt, after some hesitation, distinguished 
the fauna as an intermediate assembld^e occurring in passage- 
beds and premonitory of the. Lias. Oppel (1856), Sedgwick, 
Murchison, ai-«i the great majority of the Austrian geologists 
at that time assigned the Avicula contorta zone to the Lias ; 
Lmnirich, Merian, Studer, and Escher von der Linth pkcedit 
in Upper 'I'rias. In France, geologists had long been familiar 
with tlio fossiliferous deposits between Keuper and Lias, as 
these arc well exposed over a considerable tract of country on 
the east and south of the Central Plateau and in Lothringen. 
Levmerie had described them in 1840 under the name _ot 
Jnfralias, but many of the later authors grouped 
'I'rias The smne difference of opinion reigned in Great Britain, 
Brodic and Strickland (1842) regarded the passage senes with 
the hone-bed as Liassic, whereas Agassiz (1844) and Buckmann, 
on' the basis of the Fish and Plant remains, declared the sene^s 

to be Triassic in character. ^ . 

Oppel and Siiess gave in their first memoir no expression of 
oninion re^^arding the Triassic or Liassic age of the beds; the 
SS stmdgralhical position sufficed for their_ immediate 
purpose. But in 1859 Oppel contributed a special memoir. 
Lid stated that after tracing the extra-Alpine Contorta-zone 
into Luxembourg and France, he had come to the conclusion 
that the limiting-line between Trias and Jura should be ab^e 
the “Contorta” strata and Ij^low the zone of Ammonites 
nhnorbis. Two years later this view was suppOTted py 
Limbel in his Geognostic Description of the Bavarian 
Alps (1861}. Giimbei' proposed to group the Kossen strata 
and the Dachstein limestone together under the naine of 
Kinetic Group, from their development in the Rhsetikon 
district of the Alps, and to regard this group as the upper- 
most division ofLhe Alpine Keuper P^^^Lbers 

most of the German and Austrian geologists follow Gumbel s 
sm^gestion ; but in France the majority of the geologists retain 
the position and the imme “ Infralias," which was sugges y 



Lcymeric, .wd afterwards strongly advocated by Jiilcs Marlin in 
Si Vi ral able treatises ( 1860 65)- , , , 

■ -ti ll.- nr\t iiniKirtant advanfcsrtn the knowledge of ni|wic I rias 
were those made by flumbel in the norlheBt *ony>f die Alpn. 

■ 1 he volume V itefl alwve by (lumlKl on the Baranan A.ps w ih 

acrmnivtnied I*y five geological mnivsheels survcywl tiu; sralo 
of f.too,5oo. and by forty two sectmns .Jiicidalmg tho geology 
of the Bavarian Alps. It wasihe work of a rcsomceful man vvtth 
hwvhaustibk energy, afi iron frame, complete masU-ry of the 
latest information in his snbjer*, an imqticnchabk thirst for 
new fam. new discoveries and W 

Ecnius for stratigraphical problems, tor lifty years C. W. 
Cmmlwl occupied a pre-eminent position amongst Ivumpeao 
geologists. As Director of the Bavarian Cicologwal Survey 
he controlled a wide sphere of geological, mmeralngicql, and 
palteonlological activity, and his own individual achievements 
arc amongst the must remarkable m the hisiory tif Alpmt. 

in this first large volume by (iumltcl, he unfolded bis 
'"novel conception th.at there had been at one tlnie a mountain- 
chain to the north of the present Alps, i 

»uth-west edge of the mountains and uplands the 

: Forest westward as far as the central 

ailed this supposed earlier mountam range the FtMu 
S uoon the hypothesis that it separated Lower feavarui and 
the atioining areL from the region of the existing Bavari^ 
Alps he explained the differences between the deposits of 
Alline and extra-Alpine Trias. Again, upon the hypothesis 
that the disappearance of the Vindelic Cham wa.s m some 
wav associated with the vast upheaval of the eastern Alps in 
Cretaceous and Tertiary epochs Giimbel thought many of the 
complicated questions regarding the lithologicM composition 

and peculiar surface distribution of the Flysch and pebble- 

beds^ of the north Alpine slopes might Imd an explanation. 
Be that as it may. Giimbel’s “ Vipdelic Cham” has received 
more countenance in the Alpine literature than usually falls to 
the share of the more daring flights of geologists. 

A favourite theire with Giimbel was the determination of 
time-equivalents in the faunal succession displayed m the rocks 
of Lower Bavaria and those of the Bavarian A ps and this 
tendency to emphasise the comparative aspect of Alpine and 
- extra-Alpine deposits is apparent even- m -the nomcnclatuic 
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which he used. Although in ail essential features he adopted 
the same succession of Alpine Trias which Richthofen had 
established m his memoir on V<^aitiberg and North Tyrol, t^e 
names and divisions in Giimbers work differ consfderably from 
those used b^^ali previous authors. All the Alpine deposits are 
arranged under the three Gernnan divisiems — Bunter, Muschel- 
kalk, Keiiper, and the, piames given to the sitb-groups ate in 
keeping wifh the fundamental idea of parallelism, Gumbel 
assigns lo Buuier jfrakt the \ferfer9 shales together wnth 
tile salt and gypsum intercalaiions at Berchtesgaden, Hallein, 
and in the‘ Salzkanunergut ; to Muschelkaik the Guttenstein 
limestones and the Virgloria limestone, from which Giimbel 
enumerates thirteen species identical with extra-Alpine 
Alusdielkalk species ; to Kenper^ Giimbel assigns all the 
other Triassic strata as follows : — 

t 

(8, Dachstein limestone. 

7. Strata with Avicula contorta (Gervillia 
“Strata or Kossen beds). 

Middle Keiipei;or f6. Calcareous flags. 

Main Dolomite - 5. Main dolomite. 

Group. [4. Rauchw’acke. 

'3. Cardita strata of Pichler (Raibl strata 
Lower Keiiper or of Richthofen). ^ 

‘‘ Lcttenkohle • 2. Wetterstein limestone and Hallstatt 
Group.^’ limestone. 

Partnach strata. 

These sub-divisions, erected by Gumbel in 1864 on the basis of 
his Bavarian studies, have undergone two important modifi- 
cations in subsequent researches. The ‘‘Partnach Strata” 
of Cjiimbel were afterwards identified by Wdhrmann as 
typical Raibl sandstones and slltiles. And the Hallstatt lime- 
stone, regarded by Giimbel as a local facies of the Wetterstein 
limestone, has been proved to be distinctly younger than the 
Wetterstein limestone. 

The views of Austrian geologists regarding the Triassic 
sub-divisions in their territories were subject to great vari- 
ations, From the year 1856, Pichler devoted himself with 
enthusiasm to the study of the Alpine Trias. In his first publica- 
tion, in 1856, on the north-eastern limestone Alps of Tyrol, 
he had described above Jibe Bunter sandstone a dark-grey 


pper Keuper or 
Rhcetic Group. 
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Alpine limestone; above it, dolomite and Carclita strata; theii 
Up/tT Alpine limestone {Wetterstein), succeeded by rjcrvillia 
strata and Litliodendron limegione. Tlirue years riclder 
accepted RichthofeiTs divisions of Trias, and referred the 
Wetterstein limestone to its right positioi^ beloC llv.; Cariliia 
or Raibl strata, but advocated the view that the Wetterstein 
lirnestoiK^and the Cardila oolites and marls were in interl>eddcd 
stratigraphical relations with^ one another. In i<S66 and 1867 
Pidiler gave a series ofcgcological sections in which he made it 
appear that between the Wetterst^dm Dolomite and the Virgloria 
limestone there was a thick and diversified complex of arenaceous 
and argillaceous strata, dolomite beds and nodular limestone, 
which contained a fauna like that of the Cardita strata, and 
|>robably corresponded in North Tyrol to the St. Cassian fauna 
in South Tyrol Pichler thus originated the idea that an 
“Upper Cardita’^ or “Raibl” series and a “Lower Cardita’' 
or “St. Cassian ” series could be distinguished normally above 
and at the base of Wetterstein limestone, but sometimes inter- 
stratified with it as equivalent facies. 

About the same time, in 1866, another point was gained in 
the comparison between Alpine and extra-Alpine areas. Ex- 
amples of two typical “Raibl” fossils — Myoplwria Kefenieini 
and Corhida Rosthonii — were discovered by Sandberger in the 
4 ead-glance or galena bed of the Franconian “gypsum Keuper,” 
It was thus ascertained that the A/pme jR.ail>i strafa 2mre cm- 
temporaneoiis with the gyp stem and marls which immediately 
succeed the tipper limit of the ^'’Letienkohkrd^ or Lower Keuper 
group in the extra-Alpine areas. Careful observations had been 
made by Fotterle (1856) on the palaeontological sequence of the 
Raibl strata in their typical development at Raibl ; those were 
corroborated in 1867 by Suess, who differentiated the Raibl 
strata into three palaeontological zones: the Lower\ composed of 
black shales with numerous plant and fish remains ; the Middle, 
composed of limestone beds with Myophoria Kefersteini ; and the 
Upper, composed of marly limestone with Myophoria Whakkyi, 
Osirea mo nils caprilis, Pecten ftlosus and Megalodon <-asts. 
Suess applied the name of Torer strata to the upper horizon. 
Two years later Stur expressed his view that the lower horizon 
was the equivalent of the Wengen strata. 

In the summers of 1863 and 1864, special survey work in 
the norilveastern Alps was carried out by the Survey Depart- 
ment under the direction of Lipoid and -Stur, and was the 
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the coalbearing Mesozoic deposits m ^ 
itria. Up to that time these deposits had ^ 
ed “Gresleif beds,” 'and assigned to *he 
and his colleagues in the survey, Hertle 
however, that although coal-seams occur 
“11 beds,” the coal-seams at Lunz, l.uitn- 
1-, Gdssling, etc., occurred m !i complex 
la and flora, were undoubtedly l “a.ssic. 
le of series io the sandy and shaly 

• and St'ir who worked out the flora of 

Remgrahcn shales. 1 he limestone beds 

e found to be rich 

Ismoniies Aon, and were distinguished as 

of the Gdssling, Remgraben, and^ 
irnrd into purer limestone and 
:cd"the focal name of Opponilz-lime- 
the characteristic LanieUi- 
“Torer” horizons of the Raibl 
of the paleontological sequen^ 
the north-eastern Alps was the 
on of the strata containing them 
and therefore the order of the 
-pes in this locality was regarded 
rison in determining the age ot 
neared in partial development in 
ferous deposits elsewhere, 
tiyi 1869, Laube published an 
nh of the St. Cassian fauna, and 
Llature of the fossils corrected 
made by Munster and Rl^stein. 
liar character of the St. Cassian 
t difference between it and the 
fauna of the Hallstatt limestones 
Tbetween the St. Cassian and Raibl 

E. Moisisovics von Mojsvar bega,n 
he has continued for more than thir y 


means of elucidating 
Lower and Upper An? 
been collecfively term 
Lower Lias. Lipoid 
and Stel/nerf showed, 
in the Liassic 
feld, Sdieibbs, Gamir 
of strata 
Lipoid gav 
coal-bearin! 
this series, 

Lranconia 
series” F(> 

floridtis 'wei e 
entiate this horizon as 
below these shales were 

7 neii and - 

strata. 

The diversified deposits 
Lunz groups imss gradually upj 
dolomite beds, which recei\c>- 
stone, and were found to contam 
branch fauna of the upper or 
strata at Raibl. 1 he continuity 
in these horizons of Trias in^ 
more important, as the success! 
was held to be undisturbed ; 
consecutive palseontological ty 
as a safe standard for compat 
the same faunas when they apj 
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years. His first geological tours were taken in the Sakkam- 
Eiergut in the companionship of his teacher^ Siicssj and at the 
clc«e of the the tw6 authors published short com- 

munication in the Survey Reports on the/rriassic succession 
between the lakes of Hallstatt and Wolfgang. Itspecial atten- 
tion was given to the development of Rlueticrand Jurassic 
formation^ in the Osterhorn mountains^near Lake Wolfgang. 
In connection with two sections in Konigsbvach and Kcndcb 
graBen^ carried out wiA the most scrupulous ac<'uracy, Sucss 
demonstrated the fact that different lithological and paleonto- 
logical developments predominated in the R^^tic group of 
adjacent localities, and gave the distinctive names of Swabian, 
Carpathian, Kossen, and Salzburg facies to the particular 
Rhcetic series characteristic of the localities. 

During the two following years Mojsisovics was eygaged 
on the special investigation of the Alpiiie salt deposits. 
The results of his personal researches were set forth in a 
memoir entitled “ On the sub-division of the Upper Trias 
formations in the Eastern Alps ’’ {JahrlK k. k. ge&l I^ekksansl^ 
^1869). This memoir attracted great notice at the time on 
account of many new views expressed in it 

In opposition to Giimbel, Mojsisovics thought it undesirable 
in those earlier days of Alpine research to compare Alpine and 
^tra- Alpine areas, and to make this comparison a basis of the 
names that were to be applied to the Alpine rocks. He also 
advanced the opinion that the pelagic sediments of the Alpine 
Upper Trias included several distinguishable Cephalopod 
faunas, the lowest of which, with Trachycerm dakriiuus and 
7 ! Archelaus^ characterised the Partnach marls and shales and 
the siliceous and nodular beds with HaloMa Lommeli^ present 
both in Northern and Southern Alps. The second Cephalopod 
fauna, with Ajfimonifes Mettertmhi^ Am. iornafus^ and numer- 
ous species of Arces/es, seemeef to be limiy;?d to the Zlambach 
and the Hallstatt strata of the Salzkammergut. The next 
Cephalopod fauna included Trachyceras Aonoides and many 
other richly-decorated Ammonite species. Mojsisovics thought 
the most important palseontological line of division in the 
Alpine Upper Trias was that which separated the zone of 
AmmoniUs MetiernicM and the zone of AmmoniUs Aonoides. 
He sub-divided the Alpine Upper Trias on the basis of these 
distinctive faunas into a None and a Karnic division, suc- 
ceeded by the Rhietic group. ^ 
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Mojsisovics drew up a parallel table of the Upper Trias 
succession as presented in six different localities of the Eastern 
Alps— the Salzkammergiit, the Morth TyroEAlps, the Lombardy 
Alps, the South Tyrol Alps, the Karnic Alps (Raibl district), 
and the ran^s in the foreground of the Austrian Alps (Lunz 
district). The chief features of this sub-division, proposed in 
1869, will be apparent from a comparison of the parallel 
columns f^r three of the ‘‘provgices” : — 


Noric Ai.ps North Tyrol South Tyrol 

(SAI.ZKAMMIiRGUT). AlPS. ALPS. 

Cakj#eous flags Seefeld dolomite Dolomia media 
with SemwnoiuSf Torer strata 

Dachstein limestone Wetterstein lime- Schlern dolomite 

Wetterstein lime- stone 

stone 

Cardita strata 
Lettenkohle plants 
Cardita strata with 
Am. Jloridtts 

Hallstatt limestone Un fossil iferovis 
wit!i Am. Aono- limestone and 

kks^ Am. subbitl’ dolon^ite 

^ hilus^ etc. 

' Hallstatt limestone Unfossiliferous Liraestoneanddolo- 

wilh Am. Aletter- limestone and mite • 

nichi dolomite 

Zlambach strata 

Reichenhall lime- 
stone 

Salt deposit Hasel and 

Reichenhall lime- 
stone 

H Partnach dolomite Partnach dolomite Limestone and dolo- 
(Arlberg lime- mite 
sione) 

Pdtschen Ifmestone Partnach marls with Siliceous limestone 
Corhis Mellingi with Halobia 

Ostrea fuoniis cap' Loinmeli, Am. 

silts f etc, ArchelatiSj etc. 

Nodular limestone Hahhia beds 
with Halobias 


Wetterstein lime- 
stone 


St. Cassian strata: 

1. Am. Eryx 

2. Cardita crenata 

3. Am.Jloridus 

Wengen strata ^ 


Kainic 


Noric 

Division 


The above sub-division has several serious stratigraphical 
blunders, and cannot be regarded as an improvement on 
the previous atttmpt*s of Hauer, Richthofen, and Giimbel, 
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, which, if less ambitious, were 'based upon acciirate^ strati- 
<■ graphical investigation of the locality taken as the t}pc in each 
ca^. But i%the hew siil)-€i^sion ^lojsisavics af>siinied the 
most important palaeontological limit tu^ pass throiigli llic 
middle of the masses of limestone and dolomite^vhere it was 
an impossibility to find any stratigraphical evidence of it. 
Nevertheless, the swing of the penduUuv of Austrian research 
from the stratigraphical to tjie palmontological aspec't of the 
suefession was not with^)Ut a distinct advantage. All through 
the Eastern Alps, in the villages* and valk.‘ys, tiiere were local 
collectors enthusiastically engaged in seeking agd disinterring 
the booty of fossils for the Imperial hluseiirn in '\ 1 enna : rocks 
were even quarried, and the greatest precaution taken to pro- . 
cure the Cephalopods in as complete a state as |:}ossi!>le from 
the limestone and marble of the Sal/kammergul, ^ 

New surveys ■ were conducted by IVlojsisavics in llie Inn 
valley, the Kaiser mountains, and Karwendel mountains <Iuring 
1869 and 1S70, and the results of those induced him U} make 
many important alterations on his former su!)-divisiun uf Upper 
^frias in North Tyrol Now the Lower (nialito or lartnach 
strata were placed by him beside the Bartnach Ikdomite as 
the representatives of the Noric division ; then came Cardita 
strata again as the equivalent of St. Cassian strata : above that, 
tke Wetterstein limestone ; then a third horizon of Cardita 
strata corresponding to the liOwer or Upper Raibl beds ; and 
finally, the Main Dolomite as the Rhmtic division. In the year 
1873 Mojsisovics identified the Arlberg limestone in Vorarl- 
berg with Partnach dolomite in North Tyrol and Bavaria, 
and contested the occurrence of Wetterstein limestone in 
Vorarlberg. 

In 1874, after Mojsisovics had become personally acquainted 
with the South Alpine Trias, contributed a memoir to the 
Austrian in which he developed iiis ideas regarding 

biological provinces in the Alpine seas during Upper Triassic 
eras, and the consequent local variations of rock-facies. lie 
began by demonstrating the narrow geographical limits within 
which the Cephalopod fauna of the Noric division was con- 
fined between Berchtesgaden and the Leitba mountains, and 
explained^the existence of a special fauna on the assum|)tion 
that the area in question during the deposition of the Lower 
Hallstatt limestone and Zlambach strata had been almost com- 
^ pletely shut off from the other parts of the Alpine Triassic sea. 
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He distinguished this particular biographical produce as the 
Jii 7 'avic r?'oviHcc. According to Mojsisovics, the beginning of 
the era represented by the Kar»ic*division* of th$ Upper X^ias 
was markec^ by the re-opening of a wider communication 
between the Juvavic Province” and the much more extensive 
J/€di/€n’(Ui€iVi Protnnee on the south and west of it ; this view 
was based by IMojsiiovics upon his identificatiorf of many 
species in the higher portions of Hallstatt limestone, which 
enjoyed a wider distribution in the^Triassic limestone *and 
dolomite of the Eastern Alps. 

Whereas ^I^jsisovics in his earlier works had not attributed 
much importance to the differences of facies which had been 
pointed out !)y Richthofen, Giimbel, and others, these relations 
were now fully appreciated and made a leading feature in his 
suh'division of the Trias. The Triassic zones were now defined 
fpiite independently of their lithographical characters, solely 
upon paheontological characteristics, and were sub divided 
according to their marine faunas: — 


Rhadic Division I 


Dachstein 

strata. 


limestone 


Kosseiit- 


’{d.) Main Dolomite, 

(r.) Raibl or Cardita strata. 

-T.. , Tx* • • ) ZonQ oi Trachycems Aomides. ^ 

4. Ivarnic Division. 

portion of the Hallstatt marble 
(zone of Am, suhbullahis), 

'"(A) Zone of Daonella [HaioMa) Lommeli 
and Trachyceras Archelaus (Wengen 
strata, Lower Hallstatt limestone, 
- « Potschen limestone, Partnach marls 

3. None Division | Wetterstein limestone). 

m {a.) Zone of Trachycei^as Reiizi (Buchen- 
stein strata in South Tyrol ; Zlam- 
^ bach strata in North Tyrol), 

"(A) Zone of Am, Sfuderi and Daonella 

- , 11., It. Farihanensis, 

2, xMuscncJkalk - Zone of Trachyceras BahUonlcum 

Retzia irigoneiia, 

i, Bunter sandstone, as in earlier sub-divisions, concludes with 
the CampM series of micaceous sandstones. 
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The suiKli'Visions ol 1S74 certainly introdiux'd several 
c , changes for the better;, it cancelled the Lower Cardila strata 
" an,^ Partnac^ dololnite as ^inilependent hori/.ons^'of deposit. 

■ It also .recognised the Raibi strata in theif: true stnUigrajihical 
position below the Main Doiomite. In South TyixC Mojsisc»vics 
in 1874 assigned 3 \aibl strata to a position llie Schlern 

doloniite -and k/tna the I^fain Dolonntg. Put in contrast to 
Giimbcl and Kmmriciii, Mo|sisovics expressed hiinst‘lf as an 
adlferent of Richtliofen^s Coral-reef theory, and regarded it as 
the chief explanation of the facks differences. The ‘LSchlern 
Dolomite'^ in South Tyrol, he .said, represe!||ed tire whole 
Noric and a part of the ICarnic division, and in many pla(\-s, 
for example, at the Afendei, at Lateinar, and at ]\farmolaUg 
the **Mendola Dolomite” facies replaced the 'Muschclknlk, 

Five years later, in 1S79, Alojsisovies publishe-d his n^einor- 
able work on 77 ie JJakmife r/ Stmih lyrt)!, acconipanieil 
by six coloured geographical map'Sheets (sixilc, 1 : 100,000). 
The general features of interest most prominently brought 
forward by Mojsisovics in tins w'^ork were his support of tlie 
^oralreef theory, the significance ascril)ed by#iiim to facies 
variations within narrow geographical confine.s, the corrobora- 
tion which appeared to be given by numerous geological sections 
prepared in South Tyrol and Venetia to the sub-division of 
tke T rias erected by the author in 1S74, and the more definite 
boundaries ascertained for the Juvavic and Alcditerranean 
provinces of East Alpine Upper 'Frias. 

The systematic collection of fossils in all parts of the 
Eastern Alps, which IMojsisovics had been mainly instrumental 
in initiating, resulted in the accumulation of a vast store of 
fossil material in Vienna. Again, there was one drawback, 
that as the atmospheric 'iveathering of fossils is an extremely 
slow process, the first rich gathering of fossils was in many 
cases picked up on the spot by the local vi%ge collectors, who 
could not all be equally capable of remembering, amongst the 
hundreds that were collected, the precise locality for each indi- 
vidual fossil form. And when the geologists from Vienna after- 
^vards wished to be informed, there were loopholes of error that 
could not always be controlled* At the same time, in Vienna, 
numerous ♦monographs of Alpine fossil forms were being pre- 
pared and published, and displayed such wonderful beauty and 
diversity in Alpine faunas that the paleontologists of all lands 
^ looked with admiration at the plates in th^ Vienna monographs. 
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The work that has been done by Mojsisovics ii\ the descrip- 
tion of the CephalopodSj both in the Juvavic Province or • 
Sal/kamnlergiit (1S73-93) and*iit» the Mediterranean Propnce" 
(1S82), is an achievement of permanent value and general 
scientific interest The unusually narrow limits assigned by 
Mojsisovics. to each genus and specific form increases the 
difficulty of siibseqi^nt identification of other specimens, and 
has bccTi often a cause of ^complaint. Unli’ke Thomas 
Davidson, the founder of the systema 4 :ic knowledge of Brfichio- 
pods, who left it to posterity to break up his broadly-defined, 
waflhmarked^encra and species into several, if it were found 
practicable and desirable (cf. p. 400), Mojsisovics, who has 
been llie chief exponent of Triassic Cephalopods, has founded 
a sy stern distinguished by the extreme differentiation of its 
lypt;,s. Put, wliatever may be the ultimate verdict of posterity 
on llie system, the work has been so excellently produced that 
it (‘oiifers nn imperishable boon both on Alpine geology and 
zoologii'al knowledge. 

There can be no tloubt that the keen pakeontological sense 
of l^Iojsisovics and his subtlety in the differentiation of fosfftt 
forms so biassed his mind that, during his surveys in the field, 
he undervalued the possibility that other causes than facies 
developments might have produced the local peculiarities in 
the appearances of the Triassic succession. The tectsmic 
(iisturbances caused by the repeated crust-movements in 
Alpine areas did not receive at the hands of Mojsisovics a 
treatment commensurate with their great significance. And 
from tlm year 1S66, when the memoir on the geology of the 
Hallstatt area was published under the combined authorship 
of Suess and hlojsisovics, the stratigraphical results obtained 
by Mojsisovics were frequently called hi question by other 
geologists. ^ 

Slur, in 1866, objected to the position assigned by Mojsi- 
sovics to tiie salt deposits and Hallstatt limestone. The 
hydraulic limestones and marls (afterwards the “Zlarabach 
strata of IMojsisovics) near Aussee covers the salt deposits of 
that area ; in these limestones Stur had found corals, and 
close beside them Ammonite species identical with those in 
the Hallstatt limestone. Again, in certain shales below the 
salt deposits of Aussee, Stur had found Halobia Lommeli, a 
typical species of the Buchenstein '' or upper horizon of the 
Alpine Musche^kalkHn South Tyrol, and of the Gossling series ^ 
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in the Lunz facies. Stur, who had idenUfied tlic Ifalolmi 
Lommeli horizons in the lower Austrian Alps conforiiiuhly 
■ kkrtp tlie Liiof series, concluded that the Zlaiuharh "strata and 
the salt deposits were in the main the cqinv.'ilenls of the Liinz 
series {ank P- 4Si3). But in this case^ as part ift‘ the Lunz 
series had been proved palteontologically lo !?e tbi eqiiivaicnt 
of the more prevalent .RaibI ” facies, Z^tiir conrliulecl that 
part of the lialLstatt limestone, must be the ccpiivalcnt <4' the 
“Msiin Dolomite” facies^of 'Upper Keuper in North I'yroi and 
Bavaria. This was a much higherTSiratigraphical position thari 
Mojsisovics assigned to the Hallstatt limcslone puhlica* 

tions of 1866 and 1869 (see Table on p. 485). 

In 1S71, in a work entitled The 6Vc?/(?ej 'iyf Si vr in, Suir gave 
an exposition of the Triassic succession in tliai arra whi<ii had 
the advantage of being founded wholly upon his emm pcri^x>nal 
field observations, and which likewise* <*ar;ied out the com- 
parative aspect of Alpine and extra-Alpine diposilsl^o strongly 
rcconimencied by Gumbel. The Upper Trias {>r “ Rriiper ” 
divisioHvS were thus determined by blur fur the vStyrian district, 
%id compared with other Alpine facies - • 

t-. A...,..., Tv. Ix oTHEir East Ai.- 


Extra-Alpixe. 


In Styiua, 
Opponitz Dolomite. 


Upper Keuper. Opponilz Limestone 


Lower Keuper. 


‘ Lettenkohlcn ” Group 
and Salt Deposits. 


riXE Areas. 
Main Duhnniie and 
Upper Ilallslalt 
limeslonc. 

^ Toi'or f>r Upper 
K;uUr’ hoii/jma. 

I ieiligk reuz strata near 

I -Si. Caspian. 

Red Kdilern strata at 
the Sets Alpe. 

Lower Hallstatt lime- 
stone near Ausee. 

r .... 

Ltinz and Reingrahcn 
as^rata; I-\artnacn,Car- 
dita, and Bleiherg 
^ strata ; the mkldfe 
I ** RaibP’ horizons 
with A/rc>/'/io?-/a /t«> 
firs/em/j and tlie St. 
Cassian strata. 

f Widely-distril.iUed oc- 
f currence of Wengen 
'1 shales witli 
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The chief error in Stiir's siib-division of Trias wasjiis removal 

of the sail deposits from their association with Lower Trias to 
a place inihe much iilgher series.* ^ 

( ill 187^:5, wrote a paper Das Mendel und Schiern 
Gddef, whiWi was published in the reports of the Bavarian 
Academy o[ hcicuces. Giimbel proved that the Mendola 
duienuile in its de^dopment at the Mendel correspondsj 
as Richthofen had slated, to^ the Muschelkalk dolomite 
with (Ivn^/vnl/d panciJWala in diei typical section of the 
rails ravine, hut that the Jiighef horizons of the Mendola 
didijinite at ^he -Mendel correspond with Schiern dolomite. 
Giimbel contended, llierefore, that the name of “Mendola 
dolomite " w'as unnecessary. The Buchenstein strata are 
al:«sent at the Mendel, but at the Schiern and Seis Alpe area 
ihey^are present and are succeeded by shales (pietra vercle) 
containing JJaldda and Pashianmiya IVenyensis ; above these 
shales, GikuIicI distinguisiied in ascending order the St. 
Cassian strata, the Scidern dolomite, the red Raibl marls and 
thin-hedded scries of the Schiern plateau. Giimbel errone- 
ously compat;ed the “Buchenstein” horizons in South Tyr«?r 
with the “ Parlnach ” horizons in North Tyrol, and consigned 
both to the period of Upper iMuschelkalk. In Giimbers work 
the I.etlenkohIen or Lower Keuper group was said to be 
represented in South Tyrol by the St. Cassian series, or«its 
dolomitic facies. 

Giimbel strongly insisted that the Schiern dolomite was a 
stratified marine deposit, originally calcareous, and rich in 
Gyroporeiia ; that it had extended over a considerable part of 
South Tyrol, and was not a coral-reef structure. Giimbel 
identified the Raibi strata of South Tyrol with the Upper 
Cardita strata in South Tyrol, and agreed with Sandberger 
that they were the Alpine faems of the lower horizons in the 
extra- Alpine “g}ysum Keuper.” He still, however, adhered 
to the independent existence of Lower Cardita strata in North 
Tyrol as a fossiliferous zone below Wetterstein Limestone in 
that area. ' . ' ' ' 

In 1874, Von Richthofen published in the Zeiischrtft of the 
Germain Geological Society a reply to GumbeFs various points 
of attack on his work in South Tyrol Richthofen admitted 
that he had overlooked the identity of the upper part of the 
^^lendola dolomite with Schiern dolomite, but nevertheless 
held that, as the^two» horizons of dolomite were palxontologi- 
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cally both names should be retaiiiecl ll'e also 

answered all objections that had been made by Giirnbc! to his 
^ application Darwin^s Cofah^'cef Theory in eKf'i^inalion of 
the calcarco-dolomitic masses of rock% and re-stated the tlieory 
on even firmer and broader grounds. In 'the srffiic journal 
during 1K74 and 1B75, two; articles appeared by 'IL Lorel/j 
affording rr careful review , of all the opposing considiTations 
advanced hy Giimhcl, and confirming them upon tli6' liasis of 
Ids own observations i.ii» the oordcr districts of, Soiilli Tyrol 
and Veiietia. * 

llie publication of the combined researches the Austrian 
Survey in the laltea* region (Molmoxicfy I)k 
m 1879, brought forward -many new data, and prcsenlcd an 
apparently complete corroboration of Riehihofcids view that 
t!ie calcarco<lolomitic .masses reprcsenled coral na;fs. con* 
structed locally in the Upper Triassic seas of Suiuh Tyrol. 
So co!rvi!)cing an impression did this work crtaik; that tlie 
Reef Theory was accepted and -explained in tlie geological 
text-books. The matter rested there lor Jiearly twenty yt'ars, 
>*hen it was again brought under detailed eXviniijvuion by iMiss 
M. Ogilvie, whose first paper on the slratigrnjdiy of various 
areas in South Tyrol appeared in tlie /mrud/ tif /ke Givbgkai 
Sodeiy of London^ and was supplemented by a full criiic:a1 di$- 
ewssion of the coral-reef theory, adverse to its appliaition t:o 
the dolomites {Geoiog. Ilagazine, 1894). 

The Esino limestone of the Lombardy Alps was made a 
special subject of research by Benecke, and the contributions 
by this geologist have successfully demonstrated the age and 
stratigraphical relations of this southern facies of the Alpine 
limestone {GeogrL-Falmnt JBeitmge^ 1876, and Jahrb. fur 
Mmeraiogte^ 1884-85). Benecke showed that the fauna of the 
Esino limestone, described by Stoppani, everywhere lay below 
the fossiiiferous Raibl horizonl. Mojsisovics in 1880 con- 
firmed Benecke’s results, and stated that the Esino limestone 
in the Val di Lenna directly succeeds the upper IVfuschelkalk ; 
near the Lake of Como it succeeds the l^erledo fish-shales, 
and is surmounted by Raibl strata. According to Mojsisovicrs, 
the Cephalopod fauna of the Esino limestone indicates tlm 
contemporpneity of the limestone with the more diversilicil 
Wengen-Cassian facies in South Tyrol This short but im- 
portant memoir by IMojsisovics has been followed by a large 
number of special contributions in more ;ccc»t yi ars. 




In addition to the /°g^g) on portions of the . 

Cr. Cuvioni lib77). anfl J' Beneeke has done much • 

Lombardy, AU« ^!-f ;i^ rLake Garda. Ue Adamello 

valualilu work ir. Uic 'vn n y ' Bittner has contributed 

>^B,ssive av* Judicanan ai d 

iolicnt smaAi'^raidncal 

tlislrict ( iS79'^n)> \ *.,7? oateontological contributions 

Amongst ‘the most mn « ' and Koken on 

arc ranked ‘^ 1^7 . toudi Tyrol^ by Bittner on the 

th,. nnrallehsm of 1 artnach ^jon of the Karwendel 

A geological mvesttgatmn^^^^^ 

rrTrfeW 

Cardita ’’ sti ata lie e w ^ ^ differs 

"in”' s »,«” ?i;“w 

“La“Ai-i» X.-W4 OT-C.1 St 

ication of these results, 
aring sandstones near 
aated by Gilmbel to 
dded with the upper 


that . typical “ 
mite of North 
from the Part 
limestone and 
C.assian fossils. 

Almost simultaneously w 

Wohrmann showed that 1 
Partenkirchen, which hac 
Partnach strata, were laj 
Cardita or Raibl deposits, 
of the Partnach strata tl 
showed that they' contmua 
limestone, and ^ 

careous lithological cham 
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formation. Mojsisovics, who had m 1869 placed the* 
Ilallstatt limestone partly in his Noric and partly in his Karnic ♦ 
division of the Trias, shortly, after discovered ^ 

ana other C'e[)]ialopO(f species charactefistic of Alpine 
Tdusciielkal^ in rt?d marble and limestone on the shores of 
tire Lake oF-Hallstatt. Further discoveries near Hallein and 
Serajewo established a considerable extension of# this facies 
of U[)pei IMuschelftlk. Td the same horizon ♦Mojsisovics 
referred the Miischelkalk strata*of Syitwang near Reutte^ the 
'Friassic Cephalopods of the black limestone in the Himalayas, 
aiu.l a number of Ammonites from Spitzbergen and Eastern 
Sil)cna, whicfi have been described in ijionographs. The 
Hallstatt fauna was also found in Transylvania in 1875 and 
afterwards in California and other localities, hence it became 
abundantly clear that the name of Juvavic Province” was no 
long«^ siiitalde for the Hallstatt area, since the characteristic 
fauna, instc^id of having been confined to a small area in the 
Austrian Alps, had apparently been widely distributed in the 
vast ocean of the Upper Triassic epoch. Correlatively, the 
I^lediterranean Province” lost its value, and Mojsisovics 
t892 found if necessary to give up these supposed biological 
provinces of the Alpine Trias. 

Bittner had made considerable collections of fossils in the 
limestones of the Hagen mountains, the Hohe Goll, and«at 
Hernstein in Lower Austria. After examination of these 
fossils in 1S82 and 1S84, he recognised the fossiliferous 
limestones in which they occur as interbedded in the 
Dachstein and Main Dolomite series. From the fossil 
resemblances Bittner supported the opinion of Stur that the 
Hallstatt limestone was an equivalent of the Dachstein 
limestone and Main Dolomite. Mojsisovics verified Bittner’s 
observations and at the same time stated that the so-called 
Zlambach strata were only arg^laceous, lenticular intercalations 
in the “ Noric ”#FIal!statt limestone. But as the supposed 
position of the Zlambach strata at the base of the Hallstatt 
limestone had been the security previously given for the 
inclusion of part of the Hallstatt limestone in the Noric 
division, the position of that portion of the limestone was 
now rendered doubtful. Mojsisovics thereupon ^transferred 
the Noric limestones” of his earlier systematic arrange- 
ment of Upper I'rias (cf. p, 487) to a position alcove the 
Karnic division. ^ Hie name of ** Jiivavic,” w^hich had proved 
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-mapnlicable as the designation oi'a biological province, was 
used In- A?ojsisovics for the new paheonlolog.cnl zone of 

.Alpine 'Trias vvhicli. he now interposed above tiie Karnic 

di\i*nn . t ir • • 

•Vcroiding In this new interpretation nlleicd by Abiisisovirs, 

the “ Kaniie'’ division of HalistaU limestone with . Im. 

«lc., is the equivalent of the 1 taehsteln Imiestoiu- 
and Main f)olon)ite above the Rail.l slFhta in nian«,-_ parts of 
the Alps; the “ luvavie;' limi-stones follow, and their upper 
limit is determined by the Rhmtic horizon Mojsisovics 
reiiiovitcl the salt tlepositSj the Reichciihall the 

chen limestone, oiul the Partnach dolomite Jrmii the one 
division, so that there remained in this division only the 
nodular limestones, with UaMta Lommcii and a very scanty 

fauna. . , . r u T 

Bittner protested against^ the erection of a Juyflvic ” 
division, contributing a series of articles on tm?* sui>]ect to 
the publications of the Austrian Survey or issuing them 

independently. The attitude assumed by BiUner was that 
tie name of “Noric Division” ^vas in the first instance intro- 
duced for the Hallstatt limestone strata with Am. Metlernichi, 
and ought to be retained for these limestones, although in the 
li<Tht of the more recent researches it would have to be placed 
ah»ve the Karnic division in the stratigraphical succession. 
The controversy became more and more peisoiial, and was ail 
the more unfortunate for the literature, as the adherents of 
Moisisovics and of Bittner used the term “hone Division” 
to signify quite different horizons of Dpper Inas. Bittner 
then proposed to apply the name of “ Ladimati to the divi- 
sion below the Karnic and to comprehend m it the nodular 
limestones, the Wengen-Cassian senes, the bchlern doloimte, 
Esino limestone, and Wetterstein limestone. I hus Bittners 
suggestion was to recognise in ascending order Kadiiimn, 
Karnic, and Noric Divisions of Upper Trias. - But ^lojsisovics 
quite recently, in 1898, agreed at the instance of Suess Dicner, 
Ld Hoernes, to discard entirely the term “hortc and R-t 
the division fall, recognising only a Lower or K.nmic l),vi. 
Sion and an Upper or Juvavic Division of the hast Aipnu; 

^By^the^^'iscovery of rich fossil localities in the Triassic 
rocks of the Himalaya and the Salt Range, the pelagic Triassu: 
deposits of Eurasian areas began to be classUieU from a wider 
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standpoirit. The palreontological sequence established in the 
Alps was applied to the Himalayan development of Trias with 
a few sligliPinodifications. Wfiagen, Diener, and Mojsiso»icsp * 
who invt‘Hdg|tecl tl>e Eastern faunas, divided the whole of the 
dh-iassic system into four series (Skytian, Dinarian, Tyrolean, 
and Uajuvari^^n), further sub-divided into eight groups, fifteen 
suing roiip^, and twenl^’-two zones. * 

At the present time, the geiwal succession of* he Alpine 
'Frias may he said to be fairly definite, but there is still some 
variance of <q>inion regarding^he parallelism of the Alpine and 
extra-Alpine t^ivisions. For example, there is no certainty yet 
where tiie Alpine Miischelkalk may be said to end and the 
“ Leitenkohlen ” group to begin; whether the Wetterstein, 
ICsino, and hlarmolata limestones and the St. Cassian strata 
may l*e referred to tlie uppermost horizons of Aluscheikalk or 
regarded as members of the ^^Lettenkohlen^^ group in the 
x\lps; againf whether the Lunzand Raibl strata in the Alps cor- 
respond to the “ I.ettenkohlen ’’ group or the lower Gypsum- 
Keuper in the extra-Alpine development of Trias, 

G. lyie/urassk Sjsfem. — In the very beginning of the nine- 
teenth century the fundamental features of the Jurassic succes- 
sion had been so securely established by William Smith that 
su!)sequent observers had little to amend. The JurasSlc 
deposits have attained a remarkably typical and perfect de- 
velopment in England. No serious obstacles of any kind are 
interposed in the path of the observer; no great tectonic dis- 
turbances, foldings, fractures, or high inclinations of the strata; 
no sudtlcn changes of facies, and no gaps in the sedimentary 
Series. The straightforward aspect of the stratigraphical rela- 
tions, together with the characteristic lithological development 
of each individual member of l;he series, and the extraordinary 
wealth of fossil j^mains, has rendered England the classic 
ground of the Jmassic system. 

William Smith at first treated the successive strata as equal 
in rank, and although he afterwards (1815 and 1817) united 
them into groups, these were not well defined and underwent 
moilifications before they were received into the literature. 
(>)n}bcare and W. Phillips comprised under th» name of 
Ouliiic series all the strata between the ferruginous sand 
(lowest Cretaceous) and the red marl (Triassic). The same 
geologists classifil^d t^e Lias as an independent basal forma- 

32 
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raii\* do Valogncs) between the Lower Lias an.d*the Trias, 
wiiirli aiL.-rwards proved to be in part an equivalent of the 
sCTil^S. i 

While it comparatively easy to determine the parallelism 
lu-iwcen the succession of Oolite deposits in the North of 
h'ranf^e and die succession in England, it was a much more 
diifHadt inniUT to crnqiare the German and Swl^s deposits 
of the same age' with the English types. In 1795, wjhen 
lluiuholtlt travelled through Bavaria %nd Switzerland on his 
way to Upper Italy, he desefibed a thick series of limestones 
‘‘ IxAwoen thc#kl Gypsum (of the Zechstein formation) and the 
newer sandstone (Bunter sandstone),’^ both iti the Franconian 
Alps and the Swiss Jura Chain, and he applied the name of Jura 
Limestone” to this massive development Ami Bou6 in 1829 
ddhu«] the siratigraphical position of the ‘‘Jura Limestone” 
more accurately ; he limited the term to the limestone above 
the Idas an(T below the Wealden formation. In the same year 
Brongniart had selected the term Terrain Jiirassique for the 
sedimentary deposits comprised within almost the same limits. 
Rcngger, also» in the same year, contributed a memoir on 
the “Aargau Jura,” under which name he comprised all the 
rocks l)clween the Bunter Sandstone and the Molasse 
— practically all the IMesozoic rocks and the older Tertiaiw. 
Rengger's section tlirough the Aargau Jura shows that he 
newer understood the repetition of strata caused by tectonic 
disturbances, and he assigned each recurrence of the typical 
limestones to a younger geological epoch. 

Similar views were shared by Merian when he first wrote 
on the Swiss Jura mountains; but as his investigations 
continued, he explained the repetitions of certain strata as a 
result of the curvature of the crust An important work by 
E. Thirria on the Jura of th^ Haute Saone showed that in 
the French Jura ^Ihain the Lias was succeeded by a richly 
diversified comple^ of strata, which Thirria, in accordance with 
Brongniart's suggestion, called “Terrain Jurassique” and 
arranged in a mimber of sub-divisions. These were compared 
with the English sul)-divisions 011 the basis of the identification 
of tlie fossils by Voltz. The literature, however, was not yet 
sufficient for an exact comparison of the fossils, and alfhough the 
attempt was well planned, there were several palaeontological 
blunders. The four chief divisions of Thirria were as 
follows • • 
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8 ii 1 )-div 5 4. About- 4o- feet of ferniginoiB clays f(a* which 
Tbirria . coobl tmt find an Ihiglisli e luivalcni. 

• ♦ flliese were flVnliary deiiosils, ^err*;>iii‘uii>ly 

included - by Hiirria wiiii ^hc Jurassic 
format ioiu) 

Siib-cliVt 3, Over 200 feet of rock ^oi responding with the 
' Klmmerklge^ riay ancl Portland Slone, but 
.* exhibilifig in the upper horizons a lilhologiral 

and palreonlotqgical development different 
from the'Englisk ^ 

W 

. Sub'div. 2. About 350 feet of rock corresponding with the 
. Kellaways- 'Rock, Oxford Clay, and Coralrag in 
England. 

- . ' ' ' * ' 

Sub-div, f. About 270 feet of rock indiiding five well-, * 

mark-ed horizons pakeontologicall^ comparalile 
with the Inferior Oolite, Fullers' Earth, (keat 
Oolite, Forest Marble, and Cornbrash of the 
^ English series. # 

The memoir by Thirria was one of the best of the older 
publications on Jurassic deposits, although it gave no 
ififormation regarding the tectonic structure of the area 
examined. It was soon over-shadowed by the greatness of 
Thurmann's tectonic and orographical studies in the western 
part of the Swiss Jura mountains. The original ideas 
formulated by the geologist of Porrentruy regarding the 
processes of mountain-making have already been mentioned 
(p. 302). In two memoirs, published 1832 and 1836, 
Thurmann gave an admirable exposition of the stratigraphy 
of the Bernese Jura. A'oltz^in Strasburg rendered willing 
assistance in identifying the fossils and determining the 
parallelism of the rocks with foreign equivalents. 

Thurmann distinguished the following sub-divisions in the 
Terrain Jurassique : — 

C. Up^er furctsszc or F&tiiand Group. 

*15. Portland Limestone with 77>c///#7. etc, 

14. Kimmerkige Klarl of Le Banne, very Ibssiiifinviiis 
(Uxo^^vm Pirgi/h^ I^/m?iVra.s' fVcfi///, J/rZ/A/.? 

/a rensis^ etc,}, # 
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B, Afiddie ^/iirassic* ■ ' A ' / 

{A} Corallian group, 
i 13. Astarte Ligiestone. • 

12. Nerinea Limestone: ^ 

11. Coral Oolite. 

16! Coral Limestone. 

Oxford group. * 

9. Terrain a chailies. * 

8. Oxford Clay and Kellaways Rock. * 

A. £(mer ^/umssii’ or OoHii GroiiJ>, 

% 7, Dalle nacree (==Cornbrash?). 

6. Calcaire roux sableux (=*Forest Marble?) 
with Ostrea Knarri. 

5. Great Oolite {Piagiostoma eiongata^ etc.). 

• ^ 4, Marls with Osirea acuminata ( = Fullers’ 

Earth?). 

3. Compact Oolite. 

2. Ferruginous Oolite, 

I, Gres superliasique (marly Sandstone). 

Terrain Liasique, — The works of Merian, Thirria, and 
Thuniiann were supplemented by Count von Mandelslohe’s 
memoir entitled Sur la ConsUtiiiion gtoiogigue de PAibe du 
Udrfembtrg (i83(S). IMandelslohe contributed several gogd 
geological sections, and drew a careful comparison between 
the paUeontological sequence of the deposits in the Swabian 
Jura and that exhibited in the Jurassic deposits of England, 
Switzerland, and Fr^ance. 

Dufrenoy and Elie de Beaumont commenced their in- 
vestigations on the French Jurassic deposits in 1825. The 
more importaiit results were communicated in several 
memoirs, which were then published collectively in four 
volumes in the year 1838, Ten years later a comprehensive 
account of the i^rerrain du calcaire Jurassique” was given 
by the same two authors in elucidation of the geological map 
of France. This was for several decades the standard 
work on the "^Jurassic deposits of France. Dufrenoy and 
De Beaumont defined and sub-divided the ‘‘Terrain 
Jurassiqiic” of France precisely after the model of the English 
authors, Tiicy succeeded in demonstrating the parallelism of 
all the main sub-divisions in the French and English 
developments of^ the series, and introduced into French 
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geology tljfi Englisb Q^^f^rdienncHl'c^ t.'orn- 

Argiles Kimmendgiennes and ^ 

br^h, Grand, Oohte. etc \^Snls .^v!a'rc H.e, Idcnnh 

English nomenclatuii- „ froni*thn I'.ngli'l'- 

de4lopment d.ft^ed m y . ./.v AV/.r- 
The General Suut) \v<*>k inihlislu'd in i!^r,o 

iions of f^,!,!i"/''dvs(n-ilUl the jur.l^■.ic \nc.-psu.u 

by In-icdnch ^ *,,;i .i.,,,, a i.vnvitms < niilnliulion 

i,( Chat district IG-h! and iH.nkcr nuuk; 

i r«m» 'l';kc“ ii; 

iiionograpbs, and ^ci ^ HoiYinann/>l^AVrd that Inc 

geological map yd K.r, nations wore well 

equivalents .el the ' j, janv. Thus it M'cnu-j,! as i( 

represented in ^ ‘ lilk ami kia-si.' Inrinalions ' 

the English tin- kafiing features 

could be regarded also s ,^,,i5,,,und, and North 

of the Terrain farassn/ne in tumcc, di 

•f'ss'i. Ti, 

st„tisr.phy and « 0 ,« « 

vSriations displyed in founder of the leadi- 

same geological ap'. • ' f„fl.,.,vards plavcd such an 

ing regarding rock facies, ^ S^IJ.^luuraphv. 

important part in the 'g '"j tura, t’.ressly' did not 

In his investigation of ’the chronological 

confine_ Wmself to tho ^ traced the 

succession of the jmassic members. He soon 

1 Amanz tfressly, torn 1814 m a 

Jura mountams (Canton Stradung. Stimnlalf 1 »y 

studied in Solothurn, Lu , Thunnann, and A,lta^^5/, h- 

his social intercourse with \ ..nt-ciallv to the roearrh ut 

devoted himself exclusively l^e Rcohudid in the J^oh^ihmn 

the Jura mountains. by dm occasiona! 

Jura regioiw he suppherl L icduiical e>U 

S^nlgp^eS 
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iiiont ()f fiK'ies of a geological horizon was cbarackjrised by a 
particular kind of fauna, and that certain genera and species, ' 
however fj%qiieinly they nugH occur in sonis lithological * 
deposits, wqre enth'ely excluded from rock-deposits of the 
same age, out witli a different lithological constitution. 
(Iressly desciril)ed in great detail the various forms of rock- 
fac'ies wisyeb (jccur im the Solothurn Jura (mud ^cies, coral 
facies, spuiige facies; pelagic, suJb-pelagic, littoral facies, etc.), 
iiamed the fossil types which were clfhracteristic of each,*an(i 
judging both from the minc'fal constitution of the rocks and 
the fossil organisms contained in them, he drew conclusions 
regarding the mode of origin of the respective rock-formations. 

d1)e differences between littoral deposits, shallow-water and 
ileep"Sea deposits were distingiiished, and also the variations 
exhiiiited l)y deposits accumulated in the open ocean, or in 
partially enclosed basins. Examples were likewise given of 
transitional^ or passage beds in areas connecting any two 
characteristic facies-developments* On the whole, Gressly 
found that the facies variations in the Solothurn Jura were ^ 
insignilicant in the I'riassic, Liassic, and older Oolite depositf, 
but were extremely important in the Middle and Upper 
divisions of the Oolitic series. {Observations geologiqnes sur 
ie /nr a So/enrt?is, 1S3S-40-41.) 

l>y a remarkable coincidence, a French geologist arri'^^d 
theoretically at views closely resembling those demonstrated 
by Gressly in the field. Constant Prevost, in 1838, contributed 
an article to the Bulletin of the French Geological Society, 
which had special reference to a previous memoir by 
Prestwich. Prevost explained how in each geological epoch 

there must be contemporaneous deposits of pelagic, littoral, 
lluvio-marine, fresh-water, and terrestrial origin, replacing one 
another locally. Hence the iiicre lithological character of a 
rock-deposit could never determine its geological age. Prevost 
also elucidated fhe correlation of the faunal types with the 
various kinds of deposit. Calcareous deposits would, he said, 
always contaiflr other forms of organic life than arenaceous or 
argillaceous deposits ; on the other hand, deposits of the same 
lithological clraractcr, although of different geological age, 
might contain very similar fossil types. As an example of the 
varying constitution of contemporaneous deposits Prtwost 
cited the coarse limestone, the siliceous limestone, and the 
gypsum of the iUris basin ; while he illustrated the occurrence ^ 
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iif similar fc^sil rciiiains m deposits of differeni gee^livaieDl ;\uc 
• !)iit llie same lithological character* by referring in lltv ligiiiti; 
•forntglions beS|JW and above tht^txiarse r# i!ic I’^aris 

basin and in the Isle of Wight.. . ^ 

Gressly was so strongly impressed with the varialfftily n! riw/ks 
considered in hori;eontal that he discpiintinanccd 

the prcvailmg endeavour to identify in al^ihe other iluropean 
areas the satire pa!«eontologica|^nd lithological scqiitiTca,* as had 
bcetf established for Eii|ifianA In his opinion this fallacbiis 
method was preventing the foreign geologists from arriving al 
a true conception of the characteristics of llie Jurassic succes- 
sion in their own countries. . 

The coniinental study of the Jurassic system received a new 
impulse w'hcn Leopold von Ihich published his remarkable 
memoir, 0/1 fhi* Jatiusk in fAvv/m/p* (1839). In f^liort, 
clear sentences Lec^puld von lUich skelched tlic extension and 
the orugra[)hical character of the South German Jufa. Afajve 
the Idas, which spreads everywhere below the higher Jurassic 
rocks, the northern edge of the Swabian and Franconian Alp 
Ascends sharply from the plains in front Isolated Jurassic 
hills rise amid the plain like island masses. This peculiar 
configuration, in Buck’s opinion, is not a result of a subse- 
quent movement of elevationbr of advanced denudation, but 
is associated with the conditions under which the Jurassic rocks 
originated. He compared the present co?ipguraiwn 7ckth the sterp 
outer slope of a coral reef and expressed his conviction that the 
Swabian^Francoman Atp represents the remains of such a retf 
The tectonic disturbances, foldings, and anticlines in the 
Swnss Jura were said by Buch to have been connected with the 
Alpine upheaval ; the origin of the Franconian Hobmite was 
traced to the occurrence of a crust-rupture extending parallel 
with the Bavarian Forest, into w;.hich, according to Buch, sub- 
terranean magnesia vapours escaped, and by chemical inter- 
change the white limestone in the neighbourhood was converted 
into dolomite. 

Buch sub-divided the South German Jurassi<-de[)()sits into 
three chief groups : — 

3. Upper or White Jura. 

« 2. Middle or Brown Jura. 

I. Lower or Black Jura (Lias). 

A short description of each group was given I>y Buch, 
and a comparison drawn between the South German strata 
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niid iho.sc of similar age in England and France > at the same 
time Buch expressly stated that in consideration of the many • 
contrasts j%'esented by the Soi$h t.3erman Tacies,J:}Oth pala^aito-* 
logically and lithcy^ogicnliy, it is very undesirable to attempt to 
apply the’ luigHsh nomenclature. It was shown that the three 
leading gH')4!ps might be again sub-divided into a number 
of inrhcontological «j^ones characterised by certain definite 
leading fossil types (^M.eilmusolieln Buch concluded this 
interesting work by an enumeration one hundred antf two 
carefully described species the leading molluscan types’’ 
characleristiqiof the successive rock-horizons. 

The foundation was thus laid for the geol&gy of the Swabian 
and Franconian Jura by Buch, but the main structure was 
l.)U ilt up i)y in A. (Juenstedt in after-years in his memorable 
IJas JF/ir/emifergs {i84;^ and 1851). The 

lliree chief divisions of Buch are sui>divided into sub-groups 
and zonc^ according to their pctrographical development 
and palmontologicai features, and the zones arc distinguished 
by letters of the (ircek alphabet. In this way the Lias^ 
and the brown and white Jura are each of them resol 
into six zones, the oldest of which is designated as a, the 
youngest as Quensledt’s eighteen zones of the Wiirtem- 
berg development of the Jurassic system have since shown 
themselves to be well founded, although they are not alf of 
j-npial palmontoiogical value. Clearly Quenstedt, for the sake 
of symmetry in the number of zones, defined some of them 
within rather narrower limits than others. 

It was a great deficiency in Quenstedt’s work that he had 
made no attempt to describe the tectonic structure of the 
area, or even to show by maps or sections the stratigraphical 
mode of occurrence of the strata. In 1S53, Quenstedt remedied 
this by publishing a typical g^jological section of the Swabian 
Jura carried out by his pupil W. Pfizenmayer {Zeitsch. d, d. geoL 
■Ges,^ Taf. xvi,). f 

The work, however, which gave Quenstedt a pre-eminent 
place in the -poll of fame was that which appeared in 1858 
under the simple title of JJfr Jura, In it Quenstedt gave a 
marvellously attractive exposition of the results of his nineteen 
years’ researches on this formation ; the descfiption and 
illustrations of the fossils in Der Jura are excellent, and the 
keen and accurate observation even of the most concealed 
features calls foftii the highest admiration. The work found ^ 
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wide eireiiltlion among iiciivprufesiiioiial anti rrentccl 

a pnpiilir interest iii fossil rr,ii|ains. Xumnoiis eollecntrs and 
dikititliles reatl*lheir "Mdoeiistctli cmr and over and 

tried to apply the same methods of anangeinehl In ifirir 
pariirular eollertioiis. And the farmers (jf the* lU'llidHa’aliiHH! 
were so well^ trained by (^humsledt not Iti over!ook#any of ila/ 
fossil riches 4hat might happen to he e^^piibcil in the ^oiirse of 
field ‘laillivatkni, Ihe^y ber;niie f^ite proficienl in idi/ntifyitig the 
fossils and in recognising Ihe individual Eoncs hy CdjicnsU'difs 
designation s, • ■ 

Queosledt gave Jiltle heed lo the rights of priority, and on 
account of hl.s neglect of the formal rules in palieontological 
science came into conflict with f)'C)rbign}\ Neither did (Juen- 
stedt care to institute a close paraikdisin l>eiw’t‘cn t!u,t hlnglish 
and krench Jurassic formations and those in \Viirti*mlicrg#', he 
merely indicated tire correspondence of Use main sub-divisions 
in Wuriemberg with similar grou|)s in the adjacent^areas, and 
on principle refused to use the English lerminokjgy for Use 
«t^uence of zones which he had established for the Swaliian 
Jurassic system,. ^ 

A much broader standpoint of pakeontological investigation 
was assumed ’by the far-travelled Alcide d'OrbignyU His great 
des^e was to establish a universal stratigraphy upon the chrono- 
logical basis supplied by palseontology. Nk)t only in all parts of 
France, but also in the other countries of Europe and Iji Xorllu 
and South America, D^Orbigny thought the same sequence of 
fossil remains could be identified, and he argued that the age 
limits of the formations (Terrains) and stages of deposit could 
be determined over the whole surface of the earth by the 
universal occurrence of the same leading pakeonlolugical 
features. 

According to rTOrbigny, eacly stage of deposit possesses its 

ft 

^Alcide Dessaline d'Orbigny, bom on the 6th ^Vvplcmlicr iS-o, ra 
Couezon (Loire Infcrieure), received his early educadoii in La ivichrlk.^ 
and devoted himseif very early to sgoological and htmiiis. 

In 1S26 he was sent to South America by the Musctmi in Lan>, and 
brought back with him splendid collections of zooIogiraL geol.n;h*:i!, 
geographical, ethnographical, historical, and archa’ologic.d inferrsL I'lk; 
results of ihlsTasroey were afterwards published in a comprifhensive work, 
nis later works deal with paheontologkal and slraUgrapliica! 

In 1853 B'Orhigny w'as appoinled Ihsdessor rf Muiulogv at tin* 
Museum in Paris, the .Professorship being e.stabbjju't! espbd.illy l*tr 
him; died on the 301 h June 1837, ‘at-PkaToitle near Brni'i, 
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iiitloriifiKlvnl fiUma, whirh owc^ its orii^in lo a Sfiec’ial a», I of 
rruadc^ij, and h clearly ilistingiiishaUk' tVom ihc pri‘ci'clinj^ aiid^ 
laiiiKL^. Il raru f:ascs ijiat spocWs arc 

coiiliiiiiui inti* a^ia^’hrr compltfx of .strata than that in wliicli 
they look hiii IIickc orrur only when the liiglicr 

strata Mi«:r>«s.H! t onfonnafily ii|Hin the lower, in olher woril.s, 
whvn n^i inaikt'd iii*u,sl-di-sUii!ianri* lias taken ppic between 
the tw'o pciioils ul depoMlioi^ 'ITiUS IbC.hlnany thoii^ht il 
|MiS‘>ibk: to base htraligraphy whcfly upon pahronloiiigintl 
features, more especially the oreurrence of Mollusca, 

kehinoilcnngla, ariil Ckvlenterala. 

lie roiiiiiieiiced a i^reat paLeoiil<ilo,aicfll work, which was 
inltaulcil lo su|'>ply a tieseriplion of all the fossil forms in 
Framaf Irloiiging to these tliree divisions of the animal 
kin|#ilorn. The gigantic scope of tim work was too much 
even for siicii an enthusiasilc w'orker as D'Orbigny. Ikawceii 
1840*55 volumes of D'Orhigny’s Fma^mse 

appearc<k c:om|H*Lsing tkscripiions <d' the Jurassic and Oetaccoiis 
Ce|)halopods, part of tlic (lasirt^potls from the same twa^ 
systems, and the CrcUiceoiis ilrachiopods and I ii[»piir!lt‘S, 
Irregular Ikidnids, anil liryu/.oa. In two other works, llic 
Ekmeniiny Course of IkheoHMuyv (1849*5 2) iind the Pnr 
drome (f SfraHyroNikal {1850-52), D’Orhkny 

elucid:ited his siiicelivision of slratihed rocks and ins view? on 
^straiigrapldca! geology. 

lie ilividcd fussiliferous rocks into six periods or Terrains, 
and sulMlividctl the first five periods into twenty-seven groups 
(elages). lie selected the names of charactenslic localities for 
the designation of the groups of strata, and followed 'rimrmamfs 
example in adding the affix **ien” to give uniformity to the 
series. D'Orbigny was thoroughly familiar with the Mesozoic 
faunas but knew less about# those of other epochs, and he 
made the mistake of assigning to the Mesozoic faunas a much 
greater signiruxlure in his slratigraphical succession than lo 
the ikikeozoic or Ckdnozoic faunas, lie discarded the terms 
Takeozoic, Mtso/.uic, and Cainozoic, and assumed an equal 
value for the iwenly'Seveti successive groups which he 
distinguislied. In accordance with his sub-division of the 
rock-succe.ssion, D'Orlfigny supposed that organic creation 
had been completely renewed twenty-seven or twenly-eiglU 
limes* 

The chief niSrii af ITOrbigny’s works is tlieir remarkable.# 
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precision an4 lucidity of statement, which opcneil their c:tm- 
tents to geologists of all milionaiitks, and enahlt.i.l tlifin lu 
*^xert^a great influence upoft literature. Ills 
FraH{am is a work of the llrsi rank, mid ^dler l)’nr!»ien\*s 
death the French Geological Snckly resolvi d in fn^alinue li, 
Colteau, Deslongchamp.s, Pietie, Fe Loriul rnKl^Jn'uinnntrl 
added specid! portions, but iinully the scht^ne hail to be given 
up for lack both of the means of seientith' worker^ 

Dblrchiac, who succeeded IbGrldgny as Protessnr of Pala.;- 
ontology in Paris, was thoroughly versed in ihti genalogy of the 
French Jurassic deposits, and in the sixth am! sevgiih voUiiiHfS 
of his history of the progress of geology he gave an exhaustive 
criticism of all the publications on these deposits wliieh had 
appeared before the year 1856. D'Arrhiac lakes the Kiiglish 
development of Jurassic rocks as llm basis of coiiiparisctig^and 
tries to bring the observations in all oilim’ pails of I lie world 
into harmony ivith the main subalivisions csfabhste'd in tim 
■ IJnglish series. At the same time, he agrees with Uufreoijy, 

, Elie de Beaumont, and UOrbigny in assuming il to la* qiiilc 
inipracticable to carry out any comparison of ilvtaihal /.anal 
sequences in distant localities. 

As Quenstedt had not attempted to compare the Swabian 
development' of Jurassic rocks with the sticccssioii in oilier 
coifhtries, some of his students made a special Kimly of tlie 
comparative stratigraphy and pakeontology. O. Fraas lravi*lk:d 
through France and England, and afterwards coiilrilHitcd a* 
memoir to the Jalirimii in 1S50. lie* established the 
parallelism of many of the zones by means of fossil ideiilifica- 
tions, and at the same time gave a careful account of the 
differences of the local facies, and sufiported Gressly and 
Quenstedt in their view that the local Fhiglish names shtmld 
not be applied to other area.v While Fraas succeeded in 
demonstrating that the Lias and ** brown jura” of Wilr tern berg 
were represented by synchronous formatil|H in France, 
England, and Switzerland, he experienced great difficiiUy in 
finding an exact equivalent for the ‘'white of Wiiitem- 

berg. 

What Fraas had only indicated in broad features, Albert 
OppeQ another student of Quenstedfs, workcil out in detail 

^ Albert Oppel, born 1831 at llohcnliaiii, slytlii'il at ilk* IXilyk-vbiik: 
School in StvUlgart and iimter Quensledt in Tabini^en; in 1854 aiul US55 
travelled through France, England, SwiUerland, *!ui ifl'niuin), in order* la 
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Til the rorirse of n local sliuly on the l^liddle Lks in Swabia, 
Tii; proved hiioself to be an excellent observer and alale pake-'^ 
oritulogi^#. He then visitei:^ tfie..-lanioiis Jui^issic ^Ho#alities 
in kVance and IviiRknd, and endeavoured to compare not only 
tlie main sulvdi visions, but also the smallest groups of strata in 
the dificrn#! areas by means of the fossil species occurring in 
them. ^Retting asifie all lithological features, Oppd deduced 
from his observations a serins of pakeonlological hyizons 
winch he Ituaned Zmes^ each of whith representcal the definite 
agedimit of some leading fcssi! type or types. A ZoneZ he 
says, “ ck^nukrised as a defmikpaki^miaiai^kai Imrizm hy kie 
€mi$iaHi ikrurreme />/ it*qf t\riam speeks ^dikk do mi amir in 
Hit prtmiiMg or smreedmi^ mii^/dour %omsZ 

Oppel accepted Buchk division of the Jurassic system in 
thme main groups as the foundation of his own detailed sub- 
division. He retained the English term Lias for the lowest 
division, ffi'oposed the name Dogger for the middle division, 
and A! aim for the upper division. These names had already 
been used in England for rocks of different age ; and D’Omaliit^ 

H alloy had ap[>Hed Afalm to a division of the CretaceSus 
formation. 'I'lie three main groups were sub-divided by Oppel 
in eight zones, which agree in the essential featui'es with those 
.suggested by D'Orbigny, and for which he retained D'Orbigny’s 
nomenclature. He, however, modified D'Orbignyk zones in 
so far as U> omit the Corallien " and Portlandien,^' on the 
ground that they were local facies of the ‘H'lxfordien and 
‘ Kimmeridgien.’’ OppeFs sul>division of the whole Jurassic 
system embraces thirty-three zones, each of whicii is charac- 
terised by a particular fossil type. 

OppiTs admiral fie work, published in 1856-58, was received 
very favourably throughout Hermany, France, and England, 
the cordiality of the rccef^ion being not a little increased 
owing to the ^^elteral regard in which the author was held. 
In France, ilArchiac took objection to certain points, 
but Jules Marcoii, always ready for a scientific debate, lent 
ardent supf^i to Oppel, ai^d the controversy soon collapsed. 
I^Iarcoii hml I'Heviously piilfiished a local monograph on the 
Jura near Falins (1848!. In it he had acrepted the divisbius 

0’»m|vart* the Jsuasfic fiepoMis wuh nnc anoibvr; In 1S58 was aitachefi to 
tilt' die Palin>nu»legiral Kfincnm In Munich, in iSiio was appoinfefi 

Pn’fii*v^»ir el .anfi In 1S61 Director of the Pa!;vonlolngiea! 

CHIectiors in Miiiuch ; fliefi in 1865 fmm typhoid fever. ^ 
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of Thirria aiid Thurmann for the most part, but had also 
• introduced several new names. Marcou had distinguislied 
twentf-six sufc^group5 which* \^ry nearly corres],)f)nd with 
Oppel’s 2 ones, but he had named his sub-gro 4 ips not according 
to leading fossils, but from the names of the locafities where 
they were well developed. It was not altogether surprising 
then that J^arcou should raise some d(^ibts regarding the 
nomenclature proposed by Op^l. The letters which lie wrote 
upon*this subject are of ititerest for their clear representation 
of the state of Jurassic research at the time, and for many new 
ideas about the distribution of the Jurassic fosses. Marcou 
referred to the Valuable researches by Edward Forbes, 
elucidating the differences of marine faunas in the present 
time, the confinement of certain faunas within definite 
geographical limits, and the occurrence of particular typijs at 
definite ocean-depths. Applying Forbes’s principles of bio- 
logical provinces and bathymetrical horizons to the Elucidation 
of the Jurassic faunas, Marcou drew maps showing the probable 
distribution of land and water in the successive Jurassic eras, 
an^ trying to determine the chief biological provinces in the 
Jurassic Ocean. He distinguished eight Jurassic provinces, 
and correlated their geographical position with three “ homo- 
zoic” climatic zones which had exerted an influence on the 
distribution of the organisms. 

The work of Oppel has undoubtedly exerted a marked^ 
influence upon subsequent stratigraphical research. Although 
many geologists could not feel convinced of the universal 
application of a sequence of palseontological zones, the exact 
method pursued by Oppel gave an excellent precedent, and 
the study of the local developments of Jurassic deposits was 
renewed with fresh vigour. A student of Opp(5l's, W. Waogen, 
endeavoured to identify the sane zones in Franconia and 
Switzerland; the name “Jurassic System” was generally 
adopted after the publication of Oppel’s worl| and numerous 
memoirs appeared wherein the older groups were subjected to 
more detailed examination. Biickman thought'<«k possible to 
sub-divide the English series into even more limited horizons 
than were represented by Oppel’s zones, and sub-divided the 
latter into ‘•Hemerse,” each of which was characterised by a 
typical Ammonite species. 

The Jurassic deposits of the Alps, the Pyrenees, the Apen- 
-^nines, the Carpathians, the Balkan moantaiTis, the Iberian 
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Peninsula, and Russia, were comparativ*ely laje in being 
examined and surveyed, and it seemed scarcely possible to ® 
determine^ the parallelism of the»facies m these areas wi^h the 
Jurassic deposits of Nortl> Western and Central Europe. In 
the Swiss Mps, geologists have identified the age of the larger 
Jurassic gro^ups, but have not attempted a detailed comparison 
with the cxtra-Alpin^ zones. In the Bavarian, Atistrian, and 
Italian Alps, as well as in the Ajjennines and the*Carpathians, 
tile Alpine facies is also fundamentaUy different from the •extra- 
Alpine, but it has been possible to identify locally some of 
Oppel’s zones. Alpine geologists invariably try to recognise in 
the Alpine 'i*rias the equi^^alents of Oppel’stchief groups, Lias, 
and Malm. 

No serious attempt has ever been made to apply Oppel’s 
zon^l nomenclature in Alpine geology. It has been customary, 
especially in Austria, to designate the various sub-divisions 
with the iwnes of localities (Adneth limestone, Gresten, Hier- 
latz, Allgilu, Vils, Stramberg strata, etc.). 

After the controversy regarding the proper systematic 
position of the Avicula contorta zone or Rhaetic group Imcf 
been brought to a fairly satisfactory conclusion (p. 479), con- 
siderable discussion began to be raised about the proper limit 
between the Jurassic and the Cretaceous forniations. In 
France, South Germany, and in the Swiss Jura there wa^no 
difficulty, as the uppermost numbers of the Jurassic system 
**( Portland and Purbeck strata) are well defined both petro- 
graphically and palseontologically, and the limit between these 
horizons and the Cretaceous formations can be readily deter- 
mined. On the other hand, in the south of England, North 
Germany, and Belgium, a fresh-water formation (Weald clay 
and Hastings sand) is interposed between the uppermost 
Jurassic and the Cretaceous horizons, and creates a difficulty 
in determining the precise limit of the two formations. Man- 
tell united t beg fresh -water formation with the Cretaceous 
Greensand ; Webster and Fitton combined them with the Pur- 
beck strata, regarded the group as independent. Sir Richard 
Owen and Robertson drew=^ attention to the similarity of 
the Purbeck and Wealden faunas with that of the Stonesfield 
slate, and placed the Wealden in the Upper Jurassic division. 
Elie de Beaumont supported the other view, that the Wealden 
formation was an equivalent of the ‘‘ Neocomien,” and 
Forbes, Lyelb "4bplfc7, the Geological Survey, and most of^ 
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the English* geologists assigned the \?eakleii formation, ex- 
^ elusive of the Purbeck strata, to the Lower Cretafx:ous 
horii5®n. • * # • 

The definition of a limit has proVed cveii more dilTicult in 
the regions with Alpine facies, where there is no iTtloral series 
of passage-beds from Jurassic to Cretaceous ITarinc 

strata of U^per Jurassic age are fre(|uenyiy covered ^conform- 
ably ^by similar deposits of I*ower Cretaceous age, and any 
line of separation seems*at first sight necessarily of an arbi- 
trary character. Oppel* in a contribution to the Zeiiseiiri/i in 
1865, opened the question of the Jurassic-Crctaqj^ioiis limit in 
the Alps. He comprised under ^he name of ^^Tithonian 
Horizon a number of Alpine and Carpathian deposits (the 
Diphya limestones of South Tyrol, the Northern Alps and 
Dauphin e, the Aptychus shales, the upper mountain linmlone 
of the Northern Alps, and the Siramkr^ strain), together with 
the lithographic shales of Bavaria and Nusplingtfl, the Pur- 
beck and Portland strata of England and the North of PTance, 
^and on the basis of their peculiar Cephalopod fauna classified 
tlie Tithonian series as an independent group of strata between 
the Kimmeridge and the Neocomian horizons. Regarding the 
precise syste^natic position, Oppel seemed to incline rather to 
the inclusion of the Tithonian group in the Jurassic system. 
An enumeration of one hundred and seventeen Cephalopod 
species, most of them from Stramberg, Rogoznik, Soiitl"^ 
Tyrol, and the lithographic shales of Franconia, affords the 
evidence upon which Oppel erected the Tithonian horizon. 

Long before OppeFs paper, Beyrich had in 1844 drawn 
attention to the relations of the Klippen limestone and 
‘‘Stramberg limestone”; and Stur, Hauer, Hohenegger, and 
- Suess (1858) had identified both these limestone forma- 

tions as Upper Jurassic, wher<^as Zeuschner (1844-48) had 
assigned the “Klippen” limestones of the Carpathians at first 
to Upper Jurassic, then to Neocomian, and hl/l stated that the 
fauna was a mixed Jurassic and Cretaceous fauna. 

, ' Benecke showed, in his able work on thc?^Triassic and 

. Jurassic deposits of the Southern Alps (1866), that two faunas 
, are contained in the red Jurassic Ammonite limestone, the 
, ’ younger of* which contains Terehiitula diphya as the leading 
■L, "fossil, and a number of peculiar Ammonites. The older is 
! ’ ’ characterised by Ammonites acanihicus and other Upper 
: Jurassic Ammonites. Benecke paralleled bcTch horizons with 
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the Kiiniiieridge group.. Similar results were afiervvards ob- 
tained byStache, Mojsisovics, and Neimiayr in ‘an examination 
of the “ivlippen” limestongs "in the Carpatjnans. "these* 
geologists placed^ the AnVnofiite acanthicus strata with the 
Upper Jurai?Sic, the Diphya limestones with Oppehs Tithonian 
horizon. ^ 

The premature deqjth of Oppel prevented the completion of 
the series®of investigations by means of which he had intended 
to establish the Tithonian horizon on-^ secure palaeontological 
basis. The material was aft-erwards ejJhmined and described 
ill a series of^special monographs!* by Zittel, Bohm, Cotteau, 
Miss Ogilvie, and Zeise. -Zittel limited the term “Tithonian^’ 
to formations of Alpine facies, excluding therefore the litho- 
graphic shale and Portland limestone, and he regarded the 
Tithqiiian complex of strata as the equivalent of the Purbeck 
and Wealden strata. 

Whereas ^ppel, Zittel, and Benecke expressed themselves 
more in favour of the Jurassic age of the Tithonian hori- 
zon, Hebert attributed great weight to its affinities with the 
lowest Cretaqeous deposits in the south of France (Berria'S 
strata), and even went so far as to place the Stramberg strata 
in the Lower Cretaceous. Many eminent geolpgists have 
taken part in the discussion within recent years, and the 
opinion now most generally held is that the lower portion of 
the Tithonian group is the equivalent of the Upper Kimnier- 
iSge horizon, while the higher portion of the Tithonian group 
is parallel ivith the Purbeck and Portland strata. 

New discoveries by the Russian geologists have lately en- 
riched the knowledge of Upper Jurassic faunas. In Central 
Russia, marine deposits of Lower Cretaceous age succeed dark 
argillaceous strata which represent the whole Upper Jurassic 
series from the Kellaways 2040 upward. The fossils of the 
Moscow and South Russian Jurassic deposits are now being 
carefully examineij by Trautschold, Pavlow, Sinzow, Lahusen, 
and Nikitin, and the so-called Volga group has been identified 
as an equivalci^of the Tithonian Alpine formations. Oppel’s 
students, Neumayr and Waagen, tried to develop the zonal 
aspect of geology more and more, and to apply it in foreign 
parts of the world. Waagen's attempt to demonstrate almost 
all the Upper Jurassic zones of Oppel in the Jurassic strata of 
Cutch has been contested by Kitchin and Notling. 

Neumayr advmiced the palaeontological knowledge of 

33 : 


S 14 HISTORY OF GEOLOGY AIJD 

*ihP Innssio, Cephalopods in several . excellent monographs. 

He io'fotee'B MtL’s nwttod of 
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(i 8 bs) likewise gave e distribution of 

continents, and pointed o" . From this 

the UPPf’^ SrSad been an exi sive Massic conti- 

• nSSig “'“e more 

(1897), however Minor, and Persia is rather 

the south-eitft of the geological con- 

So «y| 

““Soff C"eer er 4 e.ime.el * 

H Cretaceous System.— Tsx& deposits which are now com- 
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Jurassic rocks in CentraJ and North-Western Europe, and in 
Great' Britain. ^ ■ • 

j In Geniany, Charpentier Jn • 1 7 78 cfistingiiished Miner * 
limestone and Q/^ider santlstone in his geological map of 
Saxony. A\%rner and his pupils placed these formations 
amongst the,^ younger ‘" Flotz ” series. William Smith had 
recognised in England four strata between the London clay 
and the Portland stone : ^ * 

4. White Chalk. • ^ 

3. Lower or*Grey Chalk. 
m 2. Greensand. 

I. Micacd)us Clay (Brick earth). 

Tn Cambridgeshire, dark plastic clays occur below the Green- 
sand, jind Michell had in 1788 designated these as or 

Ga/f; W. Smith called them Bine MarL Conybeare and 
Phillips subdivided the series into two groups : 

2. The Chalk. 

f{d.) Chalk Marl. ^ ; 

t J (n) Greensand. 

1 (d.) Weald Clay. 

\{a.) Ferruginous Sand. ^ 

The White Chalk ^as early described, and the similarity '^of 
its lithological and palaeontological features established in the 
south-east of England, the north of France, Belgium, Denmark, 
Sweden, North Germany, and Poland. D^Omalius d’Halloy 
traced the formations of the Paris basin into Belgium, dis- 
tinguished four groups of deposit in ascending order, (a) grey 
clay, (/^) sand and sandstone (Tourtia), {c) chalk marl, (d) chalk 
and flint, and comprised these in one formation, which he 
named “ Terrain cretacd’' In the same year, 1822, Brongniart 
and Cuvier published a detailed description of the deposits of 
the Paris basin in^the second edition of their work, RkhercJies 
snr les osse??ienis fossiles. After a careful comparison of the 
lu-ench Creto.9f^%ns formations with the English, Belgian, and 
Scandinavian, Brongniart added a description of the chloritic 
Cretaceous deposits of the Savoy and of the Perte du Rhone, 
near Bellegarde, together with an enumeration of the fossils 
occurring in them. 

Another work of that year which considerably advanced the 
knowledge of Cre#ace(Mis rocks was that of Gideon Mantell on 
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The Fossils the South DoimiSy or Illustrations of the Geology 
of Siissex, Liice Conybeare, he distinguished two formations, 
Gre^^nsand aftd Ghiflk, eacliT of which was dividt^i into sub- 
groups. The Blue Marl (Gaul? oif Malm) m Mantelfs system 
forms the lowest horizon of the Chalk deposits, m\d is said to 
be superposed upon the Greensand formation ;^in the latter 
Mantell iifcludes the various horizons of the true Greensand, 
the Wealden or Oak-tree Qays, the Tilgate beds* and the 
ferruginous sand. An •atlas, with forty-two plates, contains 
a geological map of •Eastern Siissex and several geological 
sections, also sketches of • characteristic landscapes in the 
♦Cretaceous area and illustrations %f the fossils belonging to 
the successive horizons. The best portion of the work is 
MantelFs description of the three lower horizons of the 
Greensand formation, which had been in 1S28 designated as 
“Wealden formation” by Martin and Ibtton, Mantell after- 
wards discovered skeletal remains of Iguanodon, Mylmosaurus, 
and other reptiles in the Tilgate strata, and otherwise con- 
tributed very greatly to our knowledge of the tauna and flora 
of the fluviatile Wealden formation. 

In Yorkshire the lower greensand, and pefliaps also the 
Wealden hprizon, is replaced by clays and oolitic ironstones, 
to which J. Phillips gave the name of Sfeeton C/ay. The 
pSrallelism of the argillaceous and ferru^^inous series of York- 
shire wdth a similar marine facies of Neocomian deposits in 
Russia, has recently been made the subject of combing 
investigations by Lamplugh and Pavlow. 

W. H. Fitton was the first to arrive at definite results re- 
garding the stratigraphy of the older Cretaceous deposits in 
England. His paper, entitled Observations on some of the 
Strata between the Chalk and the Oxford Clay,” was read at 
the Geological Society in 1827^ but not published until 2836 
in the Tra?is act ions. In it Fitton retained both sub-divisions, 
Chalk and Greensand, but assigned the Pfper Greensand 
layers of Blackdorn, etc., to their correct stratigraphical 
position, and recognised the Lower GrecnsaMlr^ as the base- 
ment beds below the Gault Numerous sections, a geological 
map, and lists of fossils accompany the accurate and funda- 
■ mental observations of this geologist. A coml)ined work, 
published by Buckland and De la Beche in 2830, contains 
valuable information regarding the stratigraphy of the Cre- 
, taceous formation in Dorsetshire. r 
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The Quader SandstOiie and Greensand in No^h Germany 
were united with the White Chalk by Hoffiiiann in 1830, 
and recogi«sed as the equivaj^ents of th 5 Cretaceous system. * 
He compared the^Quaifer Sandstone with the upper and lower 
greensand deposits ; the marl}\ calcareous^ or siliceous rocks 
between Quapler Sandstone and Chalk in North .Germany with 
the Chalk Marl of tie North-Western basin; ihe*grey^ earthy 
marls and tohite chalk with the^Lower and Upper Chalk of 
England. ♦ . ■ . . * 

The discovery of older Cretaceous def)osits in the Swiss Jura 
mountains wg^ an important step'in advance. As far back as 
1 803, Leopold von Buch had drawn up a very®detailed catalogue? 
of the rocks in the neighbourhood of Neuchatel, but his manu- 
script was not published until sixty-four years later, after the 
deaiL of the author. A copy of the manuscript had been, 
however, presented by Ami Boud to the library of the French 
Geological Society, and geologists had tried in yain to find 
equivalents for the series of strata described in it. 

•In 1836 Auguste de Montmollin demonstrated that the. 
3^oungest Jurijssic rocks were succeeded by a diversified corfi- 
plex of strata comprising yellowish limestone and blue marls, 
whose fossils resembled those of the English^ greensand ; 
Montmollin called the complex “Terrain cretace du Jura,” 
and Thirria, who alriost simultaneously found similar strata*in 
Jiie neighbourhood of Besangon, applied the name of “Terrain 
Jiira-Cretace.” 

But before the actual publication of Montmollin’s treatise, 
Thurmann had made the proposal at a Congress of the French 
Geological Society in Besangon (1835) to introduce the designa- 
tion of Neocomien for the newly-discovered complex of strata, 
and this name was immediately adopted by Dufrenoy and Elie 
de Beaumont, and received tfce authority of their geological 
map and text. These two authors sub-divided the Cretaceous 
formation m\x> , Loiver comprising (a) Wealden, 

Neocomian, and ferruginous sand; ilo) Greensand ; (<:) Chalk 
IMarl ; and air Upper Group represented by the White Chalk. 
The chief divisions of the Cretaceous deposits having been 
thus definitely fixed in France, the following years between 
1835 and i860 ’were signalised by the publication < 5 f an extra- 
ordinary number of special papers devoted to the geology and 
paUeontology of the Cretaceous system in French localities. 

Two valuable jflhemeirs were published in 1841 and 1842 on 
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Yhe lower Qretaceous formations of tjre south-eastern part of 
the Paris basifi. Cornuel described deposits in the Haute- 
Marne which^he identified parUy as Gault (Manias a Plica- 
tules), partly as lower Greensand, partly as^Neocomian. The 
localities Bassy and St. Dizier have been regardfd since that 
time as types, of the lower Cretaceous development in the 
north-east T)f France. # ♦ 

Leymerie*s memoir on the pretaceous deposits of The Aube 
Department was publislicd by the French Geological Society 
in 1841. It still rank^as a classk in the geological literature 
of the Paris basin. Leymerk distinguished three sub-divisions 
^n the Cretaceous •system : Neocomian, Greensand and Brick- 
clays, White Chalk. Each horizon was accurately described, 
and the distribution of the fossils was indicated with scrupulous 
care and detail. According to Leymerie, the horizon (jf the 
M^/iUe Chalk contains the same organic remains as the Upper 
and Lower Chalk and the Chalk Marl of England. The 
Brick-days (Argile teguline) and Greensand group comprises 
two sub-groups, the younger of which corresponds to the 
0ault, the older contains fossils which are known to occur in 
the Upper and Lower Greensand as well as in the Gault of 
The English^rea; this is the group which D’Orbigny afterwards 
called Apimi, 

^Phe Neocomian reposes upon the Upp^r Jurassic rocks, and 
consists of three sub-groups : Marls with variegated sancjj^ 
deposits ; Marls and limestones with Exogyra subplicata^ harpal^ 
etc. ; Spatangus limestone (the name being given on account 
of the abundant occurrence of tests of Echmospatangus cordi- 
formis). An accurate comparison of the Neocomian in The 
north of France with the Lower Cretaceous formations of 
England led Leymerie to the conclusion that the French 
Neocomian was noi the equiv^ent of the Lower Greensand 
of England, but, as had already been said by D’Archiac, it 
represented the Wealden formation of England, The palas- 
ontological part of Leymerie^s work appeared in 1843, and 
included a description of one hundred and thirjfce^a new species 
from the Neocomian horizon. 

In 1842, a mineralogical and geological description and a 
geological map of the Ardennes Department was published by 
C. Sauvage and A. Buvignier. The two authors demonstrated 
that the Cretaceous system was here represented by the White 
^ Chalk, the Greensand or the Chalk rMai* (Gaize), highly 
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fossiiiferous Gault ai^d unfossiliferous Lower^ Greensand. 
D'Archiac's admirable work, Description geoiogiqiu du Dcparfe-’* 
meni de i’i 4 isne, provided sup^ldlnentary*inforrq|ition ab<;iut th^ 
Cretaceous deports in thfs part of France. The Upper or 
"White Cha!^ and the Greensand formations were shown to 
be well developed, the lower horizons of the Cretaceous to be 
absent. ^ , 

No less important was another work by the *same author 
on the middle group of the Cretaceous system (!839). 
D’Archiac gave in this work a lucid* exposition not only of 
the Middle <;^vision but also of die whole Cretaceous series in 
the marginal areas of tl^ Paris basin, in® Belgium, and tl»3 
neighbourhood of Aix. Pie compared the sequence of deposits 
with the succession in England Switzerland, and Germany, 
and/inaliy sub-divided the system as follows : — 


Upper Group. - 


Upper horizons 
Sweden). 
Wdiite Chalk. 
Chalk Marl. 


of Chalk (Maestricht, 


Middle Group. 


Lower Group. 


[ Upper Greensand. 

- Blue Marl (Gault). ^ 

{ Low^er Greensand. 

[•Neocomian (Marine facies). 

I Wealden (Fresh-water f HSingtllnd. 
^ facies). ] 


While the greatest enthusiasm prevailed among French geo- 
logists to elucidate the Cretaceous system, Germany had fallen 
rather behind in this work. Friedrich Roemer and Hans 
Geinitz were the leading contfibutors to the knowledge of the 
German Cretaceous deposits. In 1836, Roemer had described 
a marine deposit in the Hils basin under the name of “Hils 
Clay,” but had relegated the Hils clay, along with the Wealden 
formation, to..the Upper Jurassic horizon. In 1839, how- 
ever, he demonstrated that the Hils clay was younger than the ® 
Wealden formation, and possibly represented the Speeton clay 
of England. The careful investigation of the fessils in the 
Hils clay showed, according to Roemer, distinct affinities both 
to Upper Jurassic and Cretaceous faunas. Two years later 
Roemer published Jiis important monograph of the Fossils^ 
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;/ tJ,. Norii (^nnan CretaLusJ^^^^^^ 

•short geological description of tie r>c:i-pr\mld Berk- 

ioeni^r referral the*Hils cof.glpmera ^ of ^ 

S SdSSn The higher^deposits 

were Ihus sub-divided by S-oemer ;— 

The White Ghalk, Maestricht liniestone, and 

. Uppe Chalk iiarls ; 

Sandstone oi Quedlinburg and Blanken- 
burg, the Glauconite Marls of Ivieslings- 
wald, and the Marls at Luisberg, jiear 
Aix. 


Upper 

Cretaceous. 


f 7. Lotver Chalk without flints at Lilneburg, 

1 Lindener Berg, etc. c- a f 

6 Lower Chalk Marls at Ahlten, Leinfordc, 
etc the sandstones with fish.remains, the 
marls of llseburg, and the sponge strata 
1 near Goslar. 

* c. Planer Limesione of Essen, Quedlinburg, 

Lower ] Greensand oi Oberau and the mottled marl» 
Cretaceous. | ^ Aviciila gryphceoides in Hanover ana 

Brunswick. 

. of Goslar and Sarstedt. _ 

Lower Quader Sandstone of the Biau 

mountains, in Brunswick and in the 

Hils basin ; In Teutoburg forest, Saxony, 
Bohemia, and Silesia. 

^1. Hils Conglomerate and Clays. 

Although Roemer’s sub-division of the German develop- 
ment is in mmiy respects deficient, it was the fes^ noteworthy 
SiDtata recogniLn of the distinctive facies in this area 
anTa con^iadson with the Engli.sh, French, and Swiss dc- 

'^ChripOTtiM had in the eighteenUi 

a geological sketch-map of the surface outciop demon- 
Sandstone in Saxony. Naumann and Ce^tta ,.i 
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stralud that calcareoiijS and marly strata (Planerkalke) are 
Tiruscn'' between ll>e Upper and Lower Quadei* Sandstone, and* 
contab in,sonre localitbs a richer, arine tana. Cotta taugh. 
these marine limestones ^vefe the time-equivalents of the 
C.ault clays’* Geinitz published, between the years 1839-42, 

■in excellent Mi)m\s,raph on the Strata and ihs I<ossih of the 
'cretaMm ISh'hs in ^Saxony and Bohemia. His Jesuits con- 
finned Cotta's sunwise, and lyjon palteontologftal evfjncc 
established the equivalents of the German and Lritish de- 
velopmonts; — • 

4. Upper^aderSandJonc .• . .» 

3. Upper riiiner hlarls . . ■ - \chalk Marl 

- Middle and Lower Planer Lime- ^ /Upper Greensand 
. stone and Marls ... I Cault. 

1. Lower Quader Sandstone . - = Lower Greensan . 

August ■Emmanuel Rcuss, the famous Austrimi ^uborij on 

onioiiemia.* Two years later, mo^og’-^g Ss^E 

rS'iemian facies The four, chief divisions distingui^ed 

Lohcmian J«es. Quader Sandstone, present in 

ot ,0 -S'* a 

Upper Greensand m England , j j f yyiaht. 

reSwed 'SsS s S C ncluSl, -I * 

I'he result, published Neocomian. . 

Lower Greensand, was at l ‘ upon the systematic 

A very svstein by^ the publication of 

arrangement of the Cietace y second volume 

iro,Ei6.;y's 

of this gigantic work, H Oibg y t ^ 

tion of the Cretaceou formatms, w men 

intimate “gt^es named in accordance with typical^ 

the system into •live, stages, iuuu^li 
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localities, in ascendmg order, ^eocqnHon, 

£^-Jdnr~^^ Tp^r'S^grto- 

SS - Sg^ivSt ortte Upper G?eensa«d between 

Albien and TuKomen. rj.orbisny were soon generally 

The horisons defined ^ resistance shown by 

accepted in^Frprce, m Adopted in other 

E^pin' counSJS'h *. f 'Pf“/L?Sa4S- 

S"-'*' C-o»yto-a»i 

Phillips, and Fitton _ successful effort 

In the year 1876, BaffOis^ mad y^ England and 

to identify in the UPPf Cretectou ^ d p^ by 

Ireland the u,. p„ris basin. Tho-^systematic 

Hebert for those deposi -Rarrois found recognition in 

■ arrangement drawn up by nrried out by Horae# 

England, and the comparison was for 

Wiidwardin ^is f 

the complete series of stratisraphical succession of 

SSh 'heh'ad pi'vbal; revised ” M^n'd! 

3:s?i=|ia:5S 

Ifep=rH“^S'sS!?S 

*^^^evnd^s*study of the Cretaceous system in Silesiii and the 
northLn skkt o^f the Harz mountains elucidated the stiati- 
rafh^cal fnd tStonical relations of that re^n 1 n a ma^ 
wav Beyrich’s memoir was published m { ■ , 

T8I9. and in this and several later ccuitnbBtions, Beynch 
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expressed his disapppval 01’ the term"* “ Quader-Sandstone 
Formation,” which Hoffmann had suggested for the Greta- 
ceous system in Germany, arjd Geinhz had^ supported and 
adopted. Beyrich and his f?iend and colleague, JuliusTSwald, 
held strongly to tile uniform acceptance of D'Orbigny’s classifi- 
cation. , 

An interesting treatise was written by L.eopol(F von Buch in 
1849 oti the geographical distribution of the Cretaceous forma- 
tions. Euch tried to show that^ unlike the Jurassic and 
Triassic rocks, the Cretaqeous rockj? nowhere extended into 
the higher wlar regions in Eur€)pe, Asia, and North America, 
but were cniefly confined to the temperate zones. He cijn- 
cluded from this, that the influence of the earth's internal 
heat had diminished in the higher latitudes, and that the 
gecj^raphical limits of the Cretaceous formations gave an 
indication of the surface distribution of the earth’s internal 
heat. ' % ' ' 

Geinitz and Beyrich had pointed out the general agreement 
4 ietween the Cretaceous formations in the neighbourhood of 
Regensburg and Kelheim and those in Bohemia and Saxony. 
Gurnbel, as director of the Bavarian Survey, was in a position 
to bring out in full detail the equivalence of the Bavarian 
deposits with those of the adjacent countrfes. This he 
accomplished in ag admirable work published by the Ba^%rian 
Academy in 1868. The Bavarian deposits have yielded very 
valuable and plentiful fossil remains. 

As has appeared from the context, D’Archiac rejected 
D’Orbigny’s arrangement and nomenclature of the French 
Cretaceous deposits. His Histoire des Frogres de la Geologic 
(1853) still retained the older classifications. On the other 
hand, the most distinguished representative of the strati- 
graphical direction of research, Hebert,^ adopted D’Orbigny’s 
sub-divisions, and won for them a secure foundation in virtue 
of his detailed and excellent investigation of the Cretaceous 
formations of 1 :he Paris basin, Belgium, the neighbourhood of 

1 Edmon(f Hubert, born 12th Jutie 1812, at Villefargeau (Yonne), son oU 
a large agriculturist, Studied in Auxerre and Paris at the Normal School; 
in 1836 became professor at Meaux ; returned in 1838 as demonstrator in 
Chemistry and Physics at the Normal School in Paris ; .^nd was in 1852 
appointed Master of Conferences for Geology. In 1857 he succeeded his 
teacher, Constant Prevost, as Professor of Geology at the Sorbonne, and 
displayed remarkable activity as a teacher there uniil his death on the 
4th April 1890. • • , ^ 
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Rouen, and Le Mans (1847-58).® hTs ^ipport of D’Orbigny’s 
groups brought Hebert into conflict with his rival, the gifted 
l^at racier fiery |iative cf Provefice, Henri Coquand. ® 

The south and south-tt^est of Fraice had^been Coqiiand’s 
field of research, Hebert's work had lain in the nortfrof France, 
and the facies variations of the rocks were undoubtedly Ghiefiy 
answerable f5r the want of harmony in t^e results detained 
by the two fi^ld geologists. Q)quand was engaged f 5 r eight 
years bn a survey of the Charente, but his results, published 
1858-60, would neithei^ agree with D’Archiac’s nor with 
D’Orbigny's systematic sub-division of the Cretaceous system. 
Coquand found that the Cretaceous deposits in the south 
began with the Upper Cenomanian, and that the most natural 
sub-division would be into eight groups, which were mainly 
characterised by the abundance of species of the Hippur^tid 
family, whereas in the north of France there were scarcely any 
Hippuritids. ^ 

Coquand erected a number of palaeontological zones for the 
Cretaceous development in the Charente, and traced the^ 
cominuation of these into Provence and Algeria. To the 
Cenomanian and Turonian, Coquand ascribed the stages 
Rkoiomaglen^ ^ Gardofiien^ Carentonien (zone of Exogyra 
columba), Angoicmien, and Provendeii; to the vSenonian and 
Danl^n he ascribed the stages Coniacien^ Say^onlen^ Camfankn^ 
and Eordon feu. In 1862 he added a new stage, ^ 

between the Carentonien and Angoumien for the sandstones of 
Uchaux and Mornas; and in 1869 inserted a new stage, 
Ligerfen, between the Carentonien and Mornasien. Coquand 
also added the stage Barrdnfen to the lower Cretaceous 
between Neocomien and Urgonien for Cephalopod-bearing 
strata at Barreme and other localities in the Basses Alpes 
which D’Orbigny had regarded as^ facies of the Urgonien. 

Coquand's special nomenclature for the southern Creta- 
ceous development was willingly accepted by tl^e geologists in 
the south of France, but was strongly contested by liebert. 
The Parisian stratigrapher also doubted the pr^iscigice of true 
'equivalents of the White Chalk with Belemnitellas in the areas 
of Touraine, Charente, Dordogne, and Provence; in his 
opinion, Coquand had erroneously compared the Dordonien 
and Campanien with the Senonien and Danicn of the north ; 
Hubert thought they represented only the lower Senonien. 

_At the present day the general tendency im France is to 
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adhere firmly to D’Orbi^y’s isub-divisiofi and nomenclature, 
and where necessary to^ form sub-groups and s^ib-3tages. Thus, 
Renevier^gave to the passaga^beds b<5tween Urgonien and 
Aptien at the Perte du Rhone, the T.distinctiv'^ name of Rlio- 
dafikn^ i?ame of Vraconien to the uppermost horizons 

of the Gault in the Jura of the Waadt Lands. Again, Pictet 
separated Certain basement beds of the Neocomian in the 
French Llhone VallCy as a sub-stage, characterised 

by special fossils also widely*^ distributed in the Alps and 
Carpathians and in Algeria^^ 

The Cretaceous deposits play a relatively subordinate part 
in the Swis? and Eastej^n Alps and in the Carpathians, and 
could not be properly understood until the stratigrapny 
of extra-Alpine Cretaceous formations had been elucidated. 

In Ssvitzeiiand, Stiider had as early as 1836 demonstrated 
the presence of Lower Cretaceous deposits near Interlaaken, 
and afterviards Studer and Escher von der Linth together 
studied the Cretaceous rocks at Lake Lucerne, the Glarnisch 
-iind Sentis mountains. Renevier, Favre, and Schardt have 
chiefly contributed to the knowledge of the interesting Creta- 
ceous sequence in the Waadt Lands and Savoy Alps. 

The Vorarlberg Cretaceous deposits were examined by Von 
Richthofen, Gumbel, and Yacek, those of the IBavarian iVlps 
by Giimbel. In the iVustrian Alps the “ Gosau Strata ” iJiave 
yielded a rcmarkaT^le profusion of well-preserved fossils. In 
*^1822, Ami Boue observed these fossils on the cliffs near 
Wiener Neustadt; he thought at first that they were Jurassic, 
but afterwards included them in the Greensand formation. 
Keferstein united them (1827) with the Tertiary ‘‘Flysch,” 
although Count IMlinster had identified Cretaceous species 
amongst the fossils. Murqhison likewise placed the Gosau 
marls" in the Tertiary epoch, but ascribed a greater age to 
the Hippuritc or Rudistes* limestone with which they are 
associated. 

The Austria^ geologists wavered between Gault and Upper 
Crutaceouf^as^the systematic position of the Gosau marls, until 
in ^852, jusr thirty years after their first discovery, Zekelio 
concluded from his investigation of the Gosau gastropods, 
that the strata containing them must be tl^e equivalent 
of D’Orbigny’s Turonien and Senonicn. Reuss agreed with 
this view in the main, but thought the Gosau complex chiefly 
corresponded ^ thq Turonien horizon and only partially to the 
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Senonien. 'This deffnition was ilnsafisfactory, since the French 
^^eologists assi'gned different limits for theTuronien and Senonien. 
Zittef pointed out, in, a moinograph on the bivalvgs of the 
Gosau''^ strata, tnat the affinities^ ware very niarked with the 
faunas of Coquand’s stages Provencien and Santonin, typically 
developed in P/ovence and the Pyrenees. The^other sub- 
divisions of ^he Cretaceous system also re^semble tne ffides in 
the south of -^France, whereas the Carpathian deveioitment of 
the Cretaceous deposits, according to Hohenegger, Neumayr, 
Tietze, and other Austrian geologists, display many peculiarities, 
and have had to be sub-divided into a number of Jocal groups 
zones. r 

The faunal character of the Alpine Upper Cretaceous 
deposits shows a rapid variation from west to east ; the Seeweo 
limestones and marls with A7nmo7iites rhofmiage^isfs, Hoia^ter 
sui)gMos 2 i$^ 2 ind other Upper Cretaceous types in vSwitzerland, 
give place to the Foraminiferal limestones mth. ^Jriniulina 
coficava^ a characteristic Cenomanian type, in the Vorarlberg 
and Bavarian Alps ; further east, the Upper Cretaceous depositsp^ 
arei: represented by the Gosau strata, often distinguished as 
the Hippuritid or Rudistes facies, whose affinities with the 
Pyrenees and the Uchaux area in the w^estern Alps is there- 
fore a matter of special stratigraphical interest. 

The occurrence of the Gosau deposits ^in separate crust- 
basins adjoining the leading east and west faults between the ^ 
northern and central regions of the eastern Alps, has provided 
Alpine stratigraphers with some useful data regarding the 
regional crust-movements which are thought to have begun in 
the eastern Alps in Upper Cretaceous time, and to have con- 
tinued intermittently during Tertiary epochs, culminating in 
the upheaval of the present Alpine-chain. 


I. Tertiary Syste7n . — The fundamental researches which were 
carried out in the beginning of the nineteenth century by 
Cuvier and Brongniart in the Paris basin, by D’FIalloy in 
Belgium, and by Webster, Buckland, and Lyelh ii?v England, 
^afforded the basis of the more detailed examination of the 
fossil mollusca characteristic of the successive Tertiary horizons. 
Brocchi, Sow^rby, Lamarck, Deshayes, and Bronn demon- 
strated the security of the palaeontological method of sub- 
division with the most brilliant success, and upon their results 
Charles Lyell established his division of the Tertiary deposits 
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into the Eocene, AlioceiTe, ind Pliocent formations (an/fP, 
P*43i)- * ;> 

Ihe s}^steniatic limit betweai the basement beds of tha 
Eocene and the highest hoj*iz§ns of the Cretacdbus system had 
been cl earl]!^^ defined for Northern Europe by Brongniart and 
D'Omaliiis d’Halloy, while Buckland had defined the limit 
between, thi upper Jiorizons of the Pliocene and the lowest 
Diluvial* or Pleistocene deposits. On the other hand, the 
difficulty of determining a definite Jjmit between Eocei^e and 
Cretaceous deposits in Alpine areas* has, except in a few 
localities, proved insuperable to ^le present day. 

The characteristic Soutfi European and Alpine facies of tljp 
Eocene deposits is a massive Foraminiferal limestone, com- 
posed chiefly of the remains of Nummulites p. 244). 

Butrin the Alps, this eminently pelagic facies is often partially 
or wholly replaced by a very variable group of sandstones, 
marls, conglomerates, shales, and clays, which is termed 
“ Flysch,” and offers palaeontological difficulties on account of 
^:ie rare occurrence of distinctive fossil types, and of many 
stratigraphical difficulties bound up with the most obsej^re 
problems in’^tli^ tectonic structure of the Alps. 

In 1823, Brongniart had ascertained the Tertiary age of the 
Nummulite formations at Ronca, Castel-Gomujerto, Monte 
Bolca, and other localities in the Vicentine Alps; and Muijkster 
Jiad published a list of one hundred and seventy-two species 
from the famous locality of Kressenberg in the Bavarian Alps, 
forty-two of which agreed with typical Tertiary species of 
Germany, France, and England, while two species showed a 
certain resemblance to Cretaceous species, and only a single 
species {Ostrea se^nipland) was actually a Cretaceous form. 
Count Munster therefore ^concluded that the Kressenberg 
strata were of Tertiary age. Murchison and Sedgwick in their 
memoir on the eastern Alps ^^so regarded the Kressen- 

berg strata as Tertiary, but expressed the opinion that the 
Nummulite roJks near Sonthofen in Bavaria were closely 
united witlj tj^e Cretaceous series, as that fauna appeared to 
contain a fair admixture of Cretaceous and Tertiary types. # 
The same opinion was more forcibly expressed by Dufrenoy 
and Kiie de Beaumont in several memoirs explanatory of the 
geological map of France (1830-38) ; these authors insisted that 
the fauna of the Nummulite and Flysch deposits in the south 
of France wa§ a ;uixed Eocene-Cretaceous fauna closely 
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related to Upper Cfetaceous faunas' in other French localities. 
^'Fhey pointed: oiJit that the upheaval of the Pyrenees had taken 
'place after the accumulation ofothese intermediate deposits, and 
therefore proposed to inckide them with the Cretaceous system. 

It was admitted, however, that the Nummulife roc^ of Ronca, 
Monte Bolca, and a few-other localities were, as Elje de Beau- 
mont had sa 4 d, of Tertiary age. d * 

The Swiss® geologists, Studer and Escher von dei* Linth, 
regarded the Nummulite d^osits of Southern Europe as passage^ 
beds between the Mesozoic and Cainozoic periods, the affinity 
being greater with the Cretaceous than with ^the Eocene 
fi^^inas. Leymerie /,i843) treated the Nummulite deposits in 
the Pyrenees as an independent formation {Terrain epkrikice) 
between Cretaceous and Tertiary, and Tallavignes sub-divided 
this formation into two horizons, Iberien and Alaricien. 

Deshayes and Raulin contested the supposed close affinity 
of the Nummulite group with the Cretaceous serirs, and em- 
phasised the decided Eocene character of the Nummulite fauna. 
D’Archiac gave an exhaustive account of the Nummulite forma/^ 
tiop in his Ilistoire des Frogres de la Geologie^ and brought 
forward an imposing array of arguments in tfavour of the 
Tertiary age of these deposits. Three years afterwards, in 
1853, a handst 5 mely illustrated monograph was issued under the 
conj<g)int authorship of D’Archiac and Haiipe. It contained a 
complete synopsis and description of all Nummulite species,^ 
and demonstrated that the genus Nummulites was not known 
to occur either in the Cretaceous deposits or in the younger 
Tertiary groups. This work was regarded as practically decisive, 
and the Nummulite formations were assigned to the Eocene 
period. 

Meantime the Tertiary deposit^, of Central and Northern 
Europe were made the subject of many special researches. 
The memoirs by Galeotti (1837) and by A. Dumont (1836-41) 
on the Belgian development were far-reaching ii\their influence. 
Dumont distinguished (1849-52) a series of paleontological 
zones, and named the Belgian sub-divisions accordingly as Heer- 
^^.sien, Landenien, Yprdsien, Paniseiien, Briixellien, Laekenien, 
Tongrien, Rupelien, Bolderien, Diestien, Scaklisien, Sir Charles 
Lyell afterwagds showed that the first six of Dumont’s ‘'Stages” 
correspond to the Lower and Middle Eocene; Tongrien "and 
Rupelien represent Upper Eocene; Bolderien represents ihc 
Miocene; and Diestien and Scaldisien are h'le equivalents 
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Tertiary deposits so ably described by Brongniart was" further 
investigate^ by several emineitt French geologists, very^ 
suggestive paper on diffei^enSes of fhcies being contributed 
in 1838 byC. Prevost (cf. p. 503). Hebert in 1848 threw 
new light agon many of the stratigraphical features, especially 
the struGtural relations at the margins of the basin.^ 

In England, Joseph PrestwicV had commenced his studies 
of the two Tertiary basins of Hamf^hire and London in the 
year 1 846. Pie contributed a series of memoirs to the Joimial of 
the Geological Society^ all of which? display remarkable scientific 
judgment aita accuracy 4)f observation. 'Trestwich demo)«- 
strated for the first time the presence of Thanet Sands as 
a well-defined zone below the London Clay, and showed that 
the l4ttter was not the equivalent of the Bracklesham and Barton 
strata, nor of the “Coarse limestone’' of the Paris basin, but 
belonged tcm deeper horizon. In a memoir published in 1855, 
Prestwich made an attempt to compare the older Tertiary 
groups of England with those of the Paris basin and Belgium, 
relying upon the results of D’Archiac and Dumont for his d^fta 
regarding the Continental deposits. Both these authors had 
previously drawn up synchronous tables for the JEnglish and 
Continental developments, but the subsequent researches of 
Prestwich enabled |iim to make certain alterations from •the 
J^nglish standpoint. 

The only foreign equivalent which Prestwich could find for 
the Thanet Sands was the lower part of the Belgian Landenien 
(Heersien) ; in the Paris basin he regarded the lower glau- 
conitic marine sands (Sables de Bracheux), the plastic clay, 
the lignite and the conglomerate of Meudon as equivalent of 
his froohvich Series ; true London Clay seemed absent in the 
Paris basin, but was represented in Belgium by the lower 
Yprcsien of Dumont. The Dower Bracklesham or Bagshot 
strata were represented by the sands of Soissons, Cuise, Aizy, 
and Laon in tfle Paris basin, as well as by the upper part 

^ Sir Jt>>eph Prestwich, horn 1S12 at Pensbury near London, was educated ^ 
partly in Kirkland, |)artly in Paris, and after the completion of his studies at 
Univcr.-dity Cul’icr^e in London, he entered his father's busin«^s, from which 
he only nnircil in 1S72, All his leisure was devoted to geological re- 
wavches and in 1874 he succeeded J. Phillips as Professor of Geology in 
Oxford. * In uSSS be was ! ’resident of the Fourth InternationaV Geoh^gioal 
Coivness in London; he^bed on the 231’d June 1S96. 
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e Bracklesham* and Bagshot strata were the equivalents of the 

Coarse limestone ” the PaR*is basin and the and 

Laekmkn iw BSlgium. The Up^er*Bracklesharn strata and the 
Barton Clay corresponded with the midxlle Marine sand 
near Paris. H^Bert in 1873 emended the synchronous table 
of Prestwick on a few points, but for tli^ sub-divtsioii of the 
English Tertiary deposits th^ results obtained by Prestwich 
are the recognised standajd at the present day. 

The upper fiuvio-ma»ne divisioii was described in detail by 
Edward Forbes in 1856, and the fossil riches of the Tertiary 
(ij^posits have formed the subject ^f some of^the greatest 
classics in palseontological literature. The earlier contributors 
to the knowledge of the English Tertiary faunas included Sir 
.Richard Owen, Agassiz, Thomas Davidson, Edward Forbes, 
Milne-Edwards, Haime, and Duncan (Chap. V.)> ^ 

The Miocene and Pliocene deposits of Italy wereiivestigated 
by Brocchi and Broun, and afterwards by several Italian authors 
and by the two Germans Hoffmann and Philippi. The Enume% 
aUon of the Tertiary Fossils m Sicily by Philippi appeared in 
1846, and formed a valuable supplement to D^sHhyes^ investi- 
gations, in so far as it showed that the number of living 
Mediterranean types represented in the Pliocene deposits of 
SicMy gradually increases from the lower to the upper horizons 
of the series, until in the highest horizons very few extinct 
species are present. Agassiz questioned the results obtained 
by Philippi, and wrote a monograph in 1845 ''^^ith the special 
intent of proving that no living species is completely identical 
with the forms in Pliocene deposits, and that each individual 
formation contains a fauna entirely peculiar to itself. This 
opinion, as has been said abovp (p. 507), was shared 'in a 
modified measure by D^Orbigny,. 

A sub-division of the Tertiary deposits into four stages {Sues- 
•ionien^ Parisie?i, Fahmien^ Suhapejinin) was proposed in 1852 
by D’Orbigny, and was rapidly adopted in Fr^aice. The Sues- 
sonien and Parisien correspond with LyelFs Eocei:^ formation. 
The Falunien is again divided into t'wo sub-stages, the older of 
which (Tongrien) begins in the Paris basin with the Fontaine- 
bleau sandstone, and includes the fresh-water limestone and 
millstone quartz, while the younger horizAn of Falunien com- 
prises the Faluns of Touraine, of Aquitanien and Languedoc, 
the Crag of Suffolk and Antwerp, the Mplas^ and Nagcljhic 
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of Switzerland, and other^Milcene deports, Tha Sub-Apen- 
nine stage includes, m addition to the Piiace^e marine for# 
Illations ^of Ita?y and the upper sai^ds of Montpellier, •a 
mixture of young Tertiar§r afid diluvial deposits. D’Orbigny’s 
classificati^i is very unsatisfactory; it often throws together 
strata of quite different ages, and assumes stra^igraphical limits 
for whkh fhere is 1^ evidence. ' . • ^ 

In alSdition to Touraine, Gascony, and Turifl, another dis- 
trict well known to the literature in connection with the 
Miocene strata is the Vienna baski. The first scientifid* 
observations of this area ware contributed by Constant 
Prevost (i?2o) and A^ni Boue (1822).® The latter re]ied 
mainly on information given by Partsch and Hauer, who 
' had been an enthusiastic collector of fossils in the localities 
nejr Vienna. In 1837, Bronn revised Hauer’s collection, and 
by his identification of the fossils proved that the fauna was 
of Miocene age. In 1846, D’Orbigny published his excellent 
monograph bii the Foraminiferaof the Vienna basin, and two 
♦years later Reuss published an account of the fossil polyps. 

Many geologists examined local areas and contributed 
sections anH snaps, but the first to give a clear exposition of 
the stratigraphical relations of the whole Vienna basin was 
Suess, in 1866, in a memoir entitled UnfersucAu^igen uher 
den Charakter der^ oeierK Tertiarablagerungen, This mismoir 
^ described not only the Alpine “Vienna basin,” but also the 
depQsits in the area between the Alps and the Manharts range. 
Suess showed that the Eocene Nummulite formation is suc- 
ceeded by poorly fossiliferous marls and clays, then by the 
Meletta shales, which form a fairly constant band of strata in 
the Alps and Carpathians, in Alsace, and other localities. 
They are followed in the Vienna basin by the lowest Miocene 
strata of Molt and Horn,^of Gauderndorf and Eggenburg, 
which are largely of fresh-water origin, and are covered by the 
widely-distributed “Schlier” or “Cyrena beds” of brackish- 
water origin. •Then succeeds the richly fossiliferous Marine 
series, cogipysing sands, calcareous clays (Tegel), and lime- 
stones, passing into one another as diverse rock-facies of# 
contemporaneous origin. The limestone facies predominates 
in the Leitha mountains, while the blue calcaiieous clays of 
Baden are the shallow-water equivalents of the Leitha lime- 
stones. The marine deposits were all comprised by Suess 
under the general tgrm of “ Mediterranean Stage.” 
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*They wefe shown* to* be foil Jwecf by^ deposits of brackish- 
^'A^ater origin, *Ce?ithia sands and days charged witli shells, 
c?Dmpri^ed by ^uess lender th^ general term of “ ^armatiaii 
Stage.” The strata of the Sanliat^an Stagg are extensively 
distributed ill the south of Europe, and the fauna !^ad already 
been described by De Marny and Eichwald. At the close of 
the Sarmatiati Stage, the deposits of the'^North-Al[)iHe area 
and the plainlare essentially %esh-water deposits, comprising 
the Chfigeria C/ays, and liie Belvedere pebldc-heds^ the latter 
having been deposited fif)m running water, probably by wide 
river-courses pouring northwafd from the Alps. ^Sucss com- 
piled the fresh-water deposits unduf the name of Pontic 
Stage,” and identified them as the equivalent of the Pliocene 
formation. 

A few years earlier Suess had shown from the distribution 
of the fossil terrestrial mammals in the various Turliary de- 
posits, that the older marine horizons, as well as tluf brackish- 
water ‘‘Cerithia” sands, correspond in age with the 'Middle 
Miocene in France and Switzerland (Marine molasse, fresh-^ 
water limestone of Oeningen, upper fresh-water molasse), while 
the upper fresh-water formations of the Vienna bssin contained 
the fauna of^the Upper Miocene deposits of Eppelsheim, 
Cucuron, and Pikermi. The systematic divisions established 
by Sfiess for the Austrian deposits have bee^i verified by later 
investigations, and only modified in minor particulars. ^ 

The stratigraphicai knowledge of the German Tertiary 
deposits was late in developing. There were several diffi- 
culties to contend with, the chief obstacle being the impos- 
sibility of securing a complete section from which a definite 
succession could be determined. This was the more un- 
fortunate as the fossils that weiro found in the scattered 
localities seldom permitted an exact identification with the 
typical Eocene and Miocene forms known to the literature. 
The German Tertiary deposits occur in three chief districts : 
the North German plain, the Tertiary basin of the Rhineland, 
and the Swabian-Bavarian plateau with the 9>dj.><:ent hilly 
♦'territory of the Alpine foreground. 

The neighbourhood of Mainz and Alzey first attracted the 
interest of geologists on account of the wealth of fossils. Cel- 
lini and Faujas had described some of those in the eighteenth 
century and in the beginning of the nineteenth century, and 
Dechen, Oeynhausen, and A. Bou(^' supplied «^a general dc- 
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scription of the Tertiary \onlations in The Rlijneland. The • 
discovery of the famous Dinotheriuin skull it Eppelsheim 
Klipsteii% and Loup induce(| lt.lipstein»(i836)^to contiiibute*a 
more careful str£g;igraphic?il account of the strata in the Mainz 
basin, and'^ie paralleled the bone-bearing sands of Eppelsheim 
with the gypsum of Montmartre, and the •limestone strata 
iinderlyjng the b#ne-bearing sands with the* coarse lime- 
stone beds of Paris. In the#following year, Sronn tried to 
prove that the Eppelsheim sands belonged to a higher liorizon 
and. were comparable with*the Middll Tertiary of the Vienna 
basin, and %e likewise assumed* a Miocene age for the other 
sands near Alzey, “ aMiough,” he said,® “the characteristic 
species of the clays in the Vienna basin are absent.” 

The first accurate and detailed account of the succession of 
strata in the Mainz basin was given by Sandberger in 1853. 
He sub-divided the series into nine well-marked palaeontological 
zones whiBi he compared with the “stages” of Tertiary. strata 
in France. and Belgium; the zones in ascending order were: 
^i) Marine sands near Alzey; (2) Septarian clay and “Cyrena” 
marls with occurrences of brown-coal ; (3) Limestone of H 5 ck- 
heim with laiM-snails ; (4) “ Cerithia” limestone of Fldrsheim 
and Oppenheim; (5) “Litorella” limestone; Clays and 
shales with brown-coal ; (7) Leaf sandstone ; (8) Fresh-water 
sands of Eppelsheim with remains of Dinotheriuin, Hipparion, 
iii»etc. ; (9) Marine sands of Cassel. Sandberger compared the 
Alzey sands and the Septarian clay with Dumont’s Tongrien 
and liupelien stages ; the littoral and brackish-water deposits, 
from Hockheim limestone to the leaf-sandstone, he regarded as 
the equivalents of the marine Miocene strata in the Aqui- 
taiyan and Vienna basins, and of the system Bolderkn in 
Belgium ; while he placed«the bone-sand of Eppelsheim and 
the Cassel sands in Lower JPliocene, as an equivalent of the 
system Diestkn in Belgium. 

The sub-div^ions proposed by Sandberger for the Tertiary 
formation in the Mainz basin have undergone very little sub- 
sequent n«odification. The chief alteration was made in 1854 
by Flamilton, when he proved that the Hockheim limestone^' 
was not an independent horizon, but a local intercalation 
in the “Cerithia” strata. In 18S3, Lepsius pifblisbed a geo- 
graphical description of the Mainz basin; and the first 
volume of the Geologic von Deutschland, by the same author 
(1892), affords a general survey of all the literature that h^s 
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appeared on tl^is subject since tlfe publication of Sandbergers 
ftiemoir. • 

* The #Tertiary localities in N 5 rtj^ Germany were brielly de- 
scribed in the early years of the nin<!teenth Cintiiry by several 
pateontologists, more particularly by Count ]Miin^[er (1835). 

A number of th€ typical fossils were desyabed b)v ('loldfiiss ; 
Zimmermann* described the Hamburg occ^irrenceSj nijd boll 
reported on tlie Mecklenburg tocality ; but all these authors 
express*ed themselves mor^ or less indefinitely regarding the 
precise age of the Tertiar}? fossils and strata. 

An important work on the North German Tertiga-y deposits 
wa^ contributed in *1847 by Beyrichp This acute observer 
proved the identity of many of the fossils in Mark Branden- 
burg and in the Septarian clay of North Germany with fossils 
of the clays near Antwerp Thus a definite hori;F3n 

was fixed in the North German succession, and in 1853 Bey- 
rich gave a complete account of the palseontold^ical and 
lithological sequence of Tertiary deposits as an Introductory 
to his Mom\^raph of ike Conchy li a in the Norik Germnn^''' 
Teftiary RochNeposits. It was made evident that^^the North 
German “Miocene’^ facies differed in many respects from 
the French ai^d Austrian Miocene, and contained a greater 
number of fossil forms which had continued from older 
horizCns. r 

The oldest North German Tertiary fauna was shown by 
Beyrich to be that of the Magdeburg sands, the equivalei>t of 
the Lower Tongrie?i in Belgium. This horizon is limited in 
North Germany to the area between Magdeburg and Egeln. 
Above it, the Septarian clay follows as the equivalent of the 
Belgium Rupelien^ and Beyrich included in the same hori?x)n 
the Sternberg strata and the Stettm sand. In 1853 Beyrich 
regarded the Tongrien and RupeLeiond system, in agreement 
with D’Orbigny, as Lower Miocene, but in 1854 he proposed 
that this horizon, which was sometimes referred to Upper 
Eocene, sometimes to Lower Miocene, in the Paris basin and 
Belgian areas should be distinguished as an ind<^pendent for- 
•haation under the name of Oligocene. He sub-divided the 
new formation in three groups, the Lower Oligocene com- 
prising th^ bi'bwn-coal deposits of the southern and eastern 
parts of Germany and the North German amber deposits with 
the rich flora worked out by Goeppert and Conwentz. T'o 
fiddle Oligocene, Beyrich assigned the ^Nz€f sands, the 
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brackish and fresh-w^ter dcflosits of* th^ Mainz# basin, a^d 
the brown-coal deposits of Hesse and Rhin^lanti. In Upper^ 
Beyrich included the* Marine /of mati on s of Crefeld, 
Diisseldorf, Cass§l, etc. Thise are ^^ucceedec? by the*typical 
Miocene formations of the Lower Elbe district, Holstein and 
Schleswig.^* 

BeyrjclYs differeyptiation of the Oligocene fermation was 
supported by Lyell and other |minent geologiste, and proved 
very helpful in the systematic arp.ngement of the Tertiary 
deposits. It is noteworthy that there is no marine equivalent 
in Belgium, prance, or England -^or the Upper Oligocene strata 
of North Germany. Piipbably these coriespond in age ’v^th 
the fresh-water limestone of Beauce, which is usually classitied 
a§ Lower Miocene by French geologists. Emendations in 
Beyrich’s sub-division were made by Sandberger in 1863, when 
he pointed out that the ‘‘Cyrena” marls belonged to Upper 
Oligocenef and that the Lower Miocene should begin with the 
littoral and brackish-water series, the “Cerithia” and land-snail 
limestones, and the leaf-sands of the Miinzenberg. 

The Tertiary basin of the Swabian-Bavarian plateau and^the 
neighbourmg#margin of the Jura mountains and the Alps is 
connected on the one side with the Austrian development, on 
the other side with the North Swiss development^bf the Tertiary 
formations, and it^ relations could only be properly undemtood 
^after the knowledge of these formations in adjacent areas was 
fairly well advanced. The monograph of the Molasse deposits 
in Switzerland, written by Studer (1825), contains a remark- 
ably accurate description of the different formations according 
to their petrographical constitution and stratigraphical posi- 
tioii, but at the time of publication it was quite impossible to 
assign definite ages to th^ successive strata. The observa- 
tions of the Bernese geologist were supplemented by the ' 
researches of Escher von der Linth, Braun, and Oswald 
Heer, so that Studer in 1853, in the second volume of his 
famous work,^ Geologic der Schweiz, was in a position to 
give an i^lmQst exhaustive exposition of the Swiss Tertiary 
deposits. ^ .... 

From the composition and stratigraphical position of the 
parti-coloured Nagelflue deposits, Studer concluded that the 
materials composing this conglomeratic rock and the Molasse 
sandstones had been derived from a marginal Alpine chain 
which was aft-trwards bent inward at the further folding and 



ifpheaval of the AlpS, and was dovered by ilie advance of over- 
^thrust masses‘'frQrii the south. 

Studer distinguisKed^a Jura arad a SidrAIiinc band deposit 
The fol'Dier is Ifmited to tfhe nortfj-w^estern aij^d northern parts 
of the Jura chain, and consists of a lower marine <fi vision with 
fossils which agree with those of the INIainz basin, alid an upper 
series of fresh-water limestones and marls^ whose Mammalian 
remains were*' identified by H.^von IMeyer as Upper Miocene. 
I'his*y)m2: band of deposi^t, according to Studer, presents a 
continuation of the Ter^Jary basiiuin the Upper Rhine pro- 
vinces. In the Sub-Alpine band the Tertiary d«j^)Osit$ begin 
with lotver fresh-nmber formations, wl^ch continue towards the 
so 5 th-west into the Rhone Valley ; they consist of red marls 
and Molasse sandstones with beds of brown-coal, and contain 
an exceedingly rich flora (cf. O. ffeer, p. 371). The lists^ of 
fossils which Studer enumerated prove that he comprised strata 
of dissimilar age within these lower deposits. The ^reslvwater 
formations are succeeded by ?narine molasse, sandstones charged 
with bivalve shells, and nagelflue of varied constitution. I’he^ 

' marjne fauna of this second member in the sub-Alpine band 
is compared by Studer with Miocene faunas, anc^ he adds that 
it displays certain affinities with the Italian Pliocene. 1 'he 
third member ts an upper fresh-wafer series, the sandy, marly, 
and g^lcareoLis rocks which have been so iQng famous for the 
fossils contained in them at Oeningen. These were made^ 
known by Scheuchzer, and were the subject of the admitable 
researches by Braun, Heer, and K. Mayer, 
i ' The identifleations of the Mollusca in Studer’s work 
were for the most part the work of K. Mayer. This inde- 
fatigable palaeontologist has continued throughout his lojng 
career to describe and compare the^Swiss Tertiary fossils, and 
to draw up synchronous tables showing their precise corre- 
spondence with the faunas of other Alpine and extra-Alpine 
localities. The first of these tables appeared in 1 85 7, wherein 
Mayer sub-divided the Swiss series into eleven palaeonto- 
logical zones. The first five of these {Gammnwi, ^msoiiien, 
Jondonien, Parisien, and Bartonien) are assigned to the 
Eocene; the Ligurian stage contains the Flyscii, the Upper 
Nummulite fopnations of Biarritz, the Montmartre gypsii.m, 
etc. ^ Mayer places the Swiss representatives of Tougrieu and 
Aquiianien in the Oligocene epoch ; the Ilelvetien and Tor- 
' tonien in the Miocene ; and the Astkn in thf^ Pli<r',cene epoch. 


i 


• :■ ^ • 


I 


i t, ■ f ' • ■" # 

STRATIGRAPI^CAL GEOLOGY. ' 537 

The Tertiary deposits oT thi Swabian jAateaux \fere studied 
by Quenstedt and Probst; those in Baden unJ Wurtemberg» 
were eiugidated by Mandelslohe, Ziet^n," Klein, Miller, and 
Schill ^ t • • * 

The sub-l^lpine band of Tertiary deposits in Bavaria com- 
prises the ITysch deposits of Eocene and Low^ Oligocene age 
forming, hifls in fr<^nt of the limestone mountabs. On the 
undiilatibg plains stretching jiorthward are the- Oligocene 
brown-coal strata and the younger ^Tertiary deposits. ’^Sand- 
berger, in 1853, was the fisst to recognise the Oligocene age 
of the brackish-water strata worked for coal at Miesbach, 
Pcnzberg, ari^ Peissenbeiig. He identified® semistria 4 a 

and other typical Upper Oligocene forms in the marls, and he 
compared the fauna of the marine series below the productive 
beds with the middle Oligocene fauna of the Weinheim sands 
near x\lzey. ' 

Giimbel^n 1861 gave a full geological and palaeontological 
account of these Tertiary deposits in his large volume on the 
bavarian Alps. A new monograph on the fauna of the South 
Bavarian Oligocene Molasse, by H. Wolff, places the wholes of 
the marine a 1 id#brackish-water Oligocene formations of Southern 
Bavaria in the Upper Oligocene horizon. Similar conclusions 
had been formed by Theodor Fuchs and K. Mayer regarding 
the age of the equi^valent deposits in the sub-Alpine ban^ of 
Switzerland and Austria. 

Frqm what has been said it is evident that it was no longer 
difficult to determine the main divisions of Tertiary strata ^ 
after the true principle had been discovered of identifying the 
relatwc' age of the component members from a comparison of 
the faunas contained in them wnth one another, and with 
exisfing genera and species.* But the attempts to provide a 
systematic zonal sub-division^ of the series, capable of general 
application, proved fruitless. Geographical areas and biological 
provinces attained a very high degree of local differentiation in 
Europe during Tertiary epochs, so that basins of deposit which 
appear to Jjav^ had some kind of communication, or were at 
least very , close to one another, nevertheless exhibit marked ^ 
peculiarities in the lithological and palseontological develop- 
ment. Itach basin passed through its own history ^ of sedi- 
mentation, in nearly all cases a most chequered history. ^ An 
area that was at one time an alluvial flat would at other times 
be usurped by m ogeanic inundation, and again become dr^ 
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iand or a marginar swamp, an estuary^ or an inland sea. The 
« conditions wliic?li pj'evailed over any one area during a definite 
"periocJjWere o|iten transferrecT during the followings period to 
some neighbouring area*J so thaf faunal sin^larities of a mis- 
leading character were bound to arise. This serins to be the 
explanation of^the increasing difficulty that is eicperienced in 
determining^the precise stratigraphical eqvtivalents in adjoining 
districts ; the Synchronous Tables become more and more 
complicated as the knowkdge of stratigraphical data becomes 
more specialised. « 

The newer researches in Htingary, the Balkan |gnds, Greece, 
Roumania, Russia,*' India, and otherrparts of the world, have 
certainly succeeded in establishing the parallelism of the great 
divisions (Eocene, Oligocene, Miocene, Pliocene), but the 
zonal sub-divisions are extremely diverse. In North and Soiitli 
America, the recognition even of the main divisions is very 
uncertain, and it is impossible to apply any of thl 3 European 
zonal classifications. It would, however, occupy too much 
space to record the gradual progress of researches on tlifO 
Ta-tiary formations outside Central Europe; or tojndicate the 
debatable stratigraphical complexities that are associated with 
the history of^ crust-movements during Tertiary epochs. 

Jf Qiiaicrnary Formaimis , — Whereas tliiC beginnings of the 
present sub-division of the Tertiary formations extend af. 
far back as the first decades of the nineteenth contury, 

^ the detailed investigation of the youngest geological system 
was reserved for the last three decades of the century. Buck- 
land, in 1823, described the deposits between the Tertiary 
series and the sediments at present in course of formation. 
He regarded these post-Tertiary deposits as the discharge from 
a universal flood, and applied to4;hem the name Diluvium in 
contradistinction to Alluvium, the name given to all modern 
accumulations of deposit. Lyell, in 1839, proposed to use the 
term Pleistocene for the Diluvium of Buckland, and in 1854 
Morlot suggested Quaternary, changed by Brown K) Quartary 
•> (Quartar), a term which appears very often in the German litera- 
ture, although never in the English form. 

The varied constitution of the Pleistocene deposits (pebble, 
sand, clay, loess, bone breccias, boulder accumulations, erratic 
blocks, moraines) and the frequent absence of organic remains 
made it very difficult to determine the age of' the different 
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metiiberSj and until about thirty years ago geologists were 
content to treat the series comprehensively as one group of * 
deposit. Suckland originally^defined the upp^r limit Qf the" 
Diluvium and beginning L)f Alluvium as coeval with the 
appearance 01 man on the earth, but the prehistoric researches 
conducted i^i' the latter half of the century showed that man 
had heo)\^ a conteni’iorary of some of the extincf Mammals. 
Ihilmolithic implements have afforded traces of mail’s existence 
in the latter part of the Pleistocene* age. The study ot the 
Diluvial Mammals led La?tet, in 18^3, to establish three 
periods: the ^o/des( is characterised by the predominance of 
Elephas aniiguus, Rkinoc^os Mercid, and Others; the 
period by the Mammoth, Rhinoceros tichorhinus, Urs7is 
spehens^ Bison priscus ; and the third a 7 id youngest hg the 
occiM'rence of forms still living in high latitudes, such as rein- 
deer, musk-ox, Canadian elk, and beaver. 

Research'^on Diluvial deposits was imbued with fresh interest 
when the glacial theory was established by Venetz, Charpentier, 
alid Agassiz (1829 to 1840). It was then rendered possible, 
not only to ynderstand the conditions under which the various 
deposits had t^ftef! origin, but also to classify the deposits 
according to their age as preglacial, interglaciaj, and post- 
glacial. The first researches from this standpoint were carried 
out in Switzerland* Scotland, and Wales (cf. p. 231). "'In 
41 ermany, it was not until Otto Torell had broken the spell of 
the Drift Theory (1875) active impulse was given to 

detailed investigations of the Pleistocene deposits on the , 
North German plains. The results are apparent in the newer 
geological maps, which show the great diversity in the lithologi- 
cal character and age of the deposits belonging to this epoch. 

The discovery of glacier iscratches on the Muschelkalk of 
Rlidersdorf first suggested « to Torell the idea that an 
extensive ice-sheet had covered the North German plain. 
German geologists have since demonstrated the occurrence 
of similar grooves and scratches on the rock-floor at several 
localities in the plain, especially in Saxony. The sands and 
gravels and boulder-clays have also undergone a careful 
exploration in the light of the glacial theory. Structures 
identical with the ground-moraines of recent glacieYs have been 
■recognised, and the pebbles and boulders contained in them 
have been examined with reference to their derivation from 
Scandinavia, Bnland, and other northern territories. The 
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focal morjines and^tbe folding^ an^ disturbances in the strata 
oat the base*of4he glacial deposits are looked upon as having 
•been produced by th^ pressor^ of the advancing ina«tses of ice. 

The effects^of the eit)sive adivky displq^'cd by the glacial 
water are apparent in the giant-cauldrons, in fnapient 
pools, peat-bogs and circular lake-depressions,^ and in the 
long, narrotf channels which extend almost parallel W’ith otie 
another in directions perpendicular to the southern margin of 
the former ice-sheet. « 

“While the research^ between Ihe North German plain liad 
in view, on the one hand, Icf establish the chroi;jological sub- 
c^vision of the glaeial deposits with t|ae help of the fossiliferous 
strata, they have also been directed to explore the glacial and 
interglacial accumulations which bestrew the plain, and to 
determine the glacial system of hydrography. One of* the 
most important results has been the proof that lidgcs of end- 
moraine extend throughout North Germany from rtie northern 
borders of Schleswig-Holstein to West and East Prussia, as 
well as the southern provinces of Posen and Silesia. Tlt^ 
olj^servation that the ground -moraine of the last era of glacia- 
tion presents the same features in front of mid behind the 
band of end-moraines, indicates that these accumulations 
mark progressive stages in the retreat of the last ice-slieet, and 
originated during the pauses in the genera^ movement of with- 
drawal The detailed study of these hillocks and ridges c4 
end' moraine, and the phenomena associated with theuA, first 
supplied the clue to the elucidation of the landscape features 
which owe their origin partly to glacial erosion, partly to 
glacial and fiuvio-glacial deposition. By this means, also, it 
became possible to distinguish the different types of I^ikes 
characteristic of this extensive are?^ of ancient glaciation. 

“The glacial hydrography of North German plain has 
recently had new light thrown upon it, in so far as the leading 
lines of ancient valleys have been brought into connection 
with the end-moraines of the inland ice. This*has afforded an 
explanation of the successive origin of the greoiife east-w'cst 
valleys, each more northerly valley being younger than the next 
valley on the south. The ice in the last period of melting 
withdrew to a more northerly position, and at each pause in 
the withdrawal, the waters which had previously been stemmed 
back by the end of the ice-sheet found a new way of escape.'^ 
(JVahnschaffe, Zeiischr. d, d. geoL Ges., i8^8.) ^ 
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It is impossible to en|er m dillail into’ the important results 
of modern investigation of diluvial deposits* tbe inore general ^ 
as[)c(’ts base been fully treated ib a previous chapter (c^f. pp.- 
220-239). ivLiny qf the questions are slibjects of controversy at 
the present tthu\ such as the origin of the Loess deposits, the 
number of distinct Ice Ages, the geographical ^distribution of 
glacial f(M-mations, ai3^ the age and significance orthe various 
pebble, sand, and clay formations. Curiously Enough, the 
youngest of the geological formati-sms was the last to be 
generally understood, and « its scienflfic investigation is a 
conspicuous feature of the present phase of progress in 
geology. ^ ^ 

The ciuestion of the age of the human race, and the environ- 
ment of early man, brings geology into the closest relationship 
with ^ anthropology, and for the last four decades geology 
has done what it could to assist in the solution of the great 
problems associated with the beginnings of human life upon 
the earth’s surface. 
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